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MICROCOMPUTER EQUIPPED WITH 
BUILT-IN TEMPERATURE SENSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Inveation 

The p reseat invention relates to a microcomputer 
equipped with a built-in temperature sensor, which is 
capable of avoiding the occurrence of faulty operation and 
runaway of the microcomputer mounted on a semiconductor 
chip, even if the temperature of the semiconductor chip rises 
under the fluctuation of various conditions of circumstance 
during the operation of the microcomputer. 

2. Description of the Related Art 

In general, the entire electrical characteristic of a micro- 
computer is greatly changed under the fluctuation of the 
values of conductance and resistances of transistors incor- 
porated in the microcomputer. This fluctuation is caused by 
the change of various conditions of circumstance, such as 
the operation temperature and the like, during the operation 
of the microcomputer. 

When the temperature of the microcomputer rises during 
operation, the electrical characteristic thereof is shifted to a 
small operation margin. When the electrical characteristic is 
reached to and over the boundary of the operation margin, 
the runaway of the microcomputer occurs. 

In order to avoid the occurrence of the runaway of the 
microcomputer, it must be necessary to compensate the 
operation of the microcomputer under the fluctuation of 
various conditions of circumstance during operation. In 
order to achieve this requirement, a simulation is performed 
in the design of the microcomputer under a temperature 
range. This temperature range is predicted under the various 
conditions of circumstance during operation. 

However, it is difficult to get the optimum temperature 
range in the conditions of circumstance as actual operation 
under the state in which the microcomputer is incorporated 
in actual commercial products. Further, there is a drawback 
where different regions in the same semiconductor chip on 
which the microcomputer is mounted have difference tem- 
peratures. 

Because the conventional microcomputer has the above 
configuration and the drawbacks, the simulation is executed 
under a wider and waste temperature range. However, in use 
of the microcomputer, there happens a case where the 
temperature of the microcomputer during operation 
becomes over the temperature range that has been predicted 
in the design. As a result, the runaway of the microcomputer 
occurs, so that the faulty operation of the microcomputer 
also happens. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is, with 
due consideration to the drawbacks of the conventional 
technique, to provide a microcomputer equipped with a 
built-in temperature sensor, which is mounted on a semi- 
conductor chip, capable of avoiding the occurrence of faulty 
operation and runaway, even if the temperature of the 
semiconductor chip rises over a prescribed value by fluc- 
tuation of various conditions of circumstance during the 
operation of the microcomputer. The temperature sensor or 
both the temperature sensor and a voltage break circuit are 
incorporated in the microcomputer the voltage break circuit 
is operable under a predetermined temperatine range. The 
temperature sensor is capable of detecting an inner tempera- 
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ture of the semiconductor chip in order to set the optimum 
operation conditions of the microcomputer. 

In accordance with a preferred embodiment of the present 
invention, a microcomputer equipped with a built-in tem- 

5 perature sensor has diodes incorporated in a pair of circuit 
blocks, the diodes being placed in opposite polarity connec- 
tion to each other, a first terminal group connected com- 
monly to the each diode, through which a constant current 
is supplied, and a second terminal group through which a 

^0 voltage generated at each diode is read, and connected 
commonly to and placed at more adjacent nodes to the each 
diode when compared with the first terminal group. Thereby, 
optimum operation conditions of the microcomputer can be 
set according to the change of the temperature of the 

^5 microcomputer. 

In accordance with another preferred embodiment of the 
present invention, a microcomputer equipped with a built-in 
temperature sensor has a diode incorporated in each of a 
plurality of circuit blocks, a first terminal group connected 
commonly to the each of the plurality of diodes, through 
which a constant current is supplied, a second terminal 
group through which a voltage generated at each of the 
plurality of diodes is read, and connected commonly to and 
placed at more adjacent nodes to the each of the plurality of 

^ diodes when compared with the first terminal group, a 
selection switch for selecting one of the plurality of diodes, 
and a selection register in which a prescribed value to 
control operation of the selection switch is stored. Thereby, 
optimum operation conditions of the microcomputer can be 
set according to the change of the temperature of the 
microcomputer. 

In the microcomputer equipped with a built-in tempera- 
ture sensor described above, the plurality of circuit blocks 

2^ are divided into plural pairs, each pair consists of two circuit 
blocks. The diodes incorporated in each pair are placed in 
opposite polarity connection to each other, and the selection 
switch selects one pair of the two circuit blocks in the 
plurality of circuit blocks according to the prescribed value 
stored in the selection register. Thereby, optimum operation 
conditions of the microcomputer can be set according to 
change of the temperature of the semiconductor chip. 

In accordance with another preferred embodiment of the 
present invention, a microcomputer equipped with a built-in 

45 temperature sensor has a temperature sensor circuit having 
a diode and a first resistance connected in scries between a 
first power source voltage and a second power voltage 
source, a MOS inverter circuit, and a terminal connected to 
a second node through which the second resistance and the 

50 first MOS transistor are connected. The MOS inverter circuit 
has a first MOS transistor whose gate is connected to a node 
through which the diode and the first resistance being 
connected, and a second resistance connected to the first 
MOS transistor in series. In the microcomputer, the second 

55 resistance is cormected to the first power source voltage, and 
the first MOS transistor is connected to the second power 
source voltage, and the temperature sensor circuit and the 
MOS inverter circuit forms a voltage break circuit. 

In the microcomputer equipped with a built-in lempera- 

60 ture sensor described above, a plurality of the MOS inverter 
circuits are placed in parallel. Each MOS inverter circuit has 
the first MOS transistor and the second resistance. Threshold 
values of the first MOS transistors in the plurality of MOS 
inverter circuits are set stepwise. The gates of the first MOS 

65 transistors are commonly connected to the first node, and 
each of the second nodes of the plurality of MOS inverter 
circuits is coimected to, instead of the terminal, a corre- 
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Spending register in which a value corresponding to a for performing a NOR operation among the control signals, 

voltage potential at each second node. and for outputting a result of the NOR operation to the 

The microcomputer equipped with a built-in temperature mterrupt circuit, 

sensor, as another preferred embodiment of the present 1° accordance with another preferred embodiment of the 
invention, further has a selection switch for selecting one of s present invention, a microcomputer equipped with a built-in 

the plurality of MOS inverter circuits in order to connect the temperature sensor has a temperature monitor circuit, a CPU 

selected MOS inverter to the temperature sensor circuit and ^^*=^P^ *r^^^^^' ^ .'^^^f^^t- ^^P"?^'^] 

the terminal through the first node and the second node, and "^[^ ^^^^ ^f^'^'^' and outputs a control signal 

, . • . f . • u J I L u • L when a temperature of a semiconductor chip on which the 

a selection register for stormg a prescnbed value by which . , . . j - -l j i 

% 1 * u - * 11 J in microcomputer is moimted rises over a prescnbed value, 

an operation of the selection switch is controlled. lO ™ ™, , • . • ... . i • i 

^ The CPU core has a control register, inputs the control signal 

In accordance with another preferred embodiment of the ^^^^ temperature sensor circuit and storing the control 
present invention, a microcomputer equipped with a built-in ^^^^^ -p^e interrupt circuit initiates an interrupt operation to 
temperature sensor has a temperature monitor circuit for halt a generation operation of a clock signal executed by the 
generating and outputting a control signal when a tempera- ^py ^ore according to the control signal stored in the 
ture of a semiconductor chip on which the microcomputer is ^,^^^^01 register. The timer circuit initiates a counting opera- 
mounted rises over a prescribed value, an interrupt circuit according to the control signal stored in the control 
for mputting the control signal output from the interrupt register, and generates an instruction to restart the generation 
circuit to iniuate an interrupt operation, a CPU core for operation of the clock signal to the CPU core after a counted 
halting temporarily generation of a clock signal accordmg to number obtained by the counting operation reaches to a 
an instruction output from the interrupt circuit, and a timer predetermined number 

circuit. Hie timer circuit initiates a counting operation , microcomputer equipped with a built-in temperature 

according to the instruction to initiate the mterrupt operation ^^^^^^^ ^ ^^^^^^ ^^^^^ embodiment, 

which IS output from the mterrupt circuit, and generates an ^^^^^^ ^ j^^^j. temperature monitor circuits, 

mstnicUon to restart the generation of the clock signal to the ^ ^^^^-^ ^^^^^ • ^^^^^^^ ^. 

CPU core after a counted number obtained by the counting ^^^^^ ^^^^ ^^^^ temperature 

operation reaches to a predetermmed number. ^^^^^ ^^^^^^ p^^^^^^ ^ operation among the 

In the microcomputer equipped with a built-in tempera- control signals, and outputs a result of the NOR operation to 

ture sensor, as another preferred embodiment of the present cpu core. 

invention, the temperature monitor circuit has a temperature 3^ microcomputer equipped with a built-in tempera- 
sensor circuit having a diode and a first resistance connected t^je 3e^3o^ described above, as another preferred 
m series between a first power source voltage and a second embodiment, the temperature monitor circuit has a tempera- 
power voltage source, a plurality of MOS inverter circuits, sensor circuit, a NOR circuit, and a temperature selec- 
a NOR circuit connected to each second node through which ^^^^^^^ ^he temperature sensor circuit has a diode and 
the first MOS transistor and the second resistance in each of 35 ^ resistance connected in series between a first power 
the plurality of MOS mverter circuits are connected, and a 3^^,^^ voltage and a second power voltage source, a plu- 
temperature selection register for storing prescribed values ^ality of MOS inverter circuits. Each MOS inverter circuit 
to be used for controUing ON/OFF operation of each second ^as a fir^t MOS transistor whose gate is connected to a first 
MOS transistor. The temperature selection register is con- ^^de through which the diode and the first resistance are 
nected to a gate of the second MOS transistor in each of the connected, and a second resistance and a second MOS 
plurahty of MOS inverter circuits. The NOR circuit per- transistor which are comiected in series and placed to the 
forms a NOR operation between values of the second nodes. p^QS transistor. The NOR circuit is connected to each 
Each MOS mverter cncmt has a first MOS transistor whose g^^^nd node through which the first MOS transistor and the 
gate IS connected to a first node through which the diode and ^^^.^nd resistance in each of the plurahty of MOS inverter 
the first resistance are connected, and a second resistance circuits are connected. The NOR circuit performs a NOR 
and a second MOS transistor which are connected in series operation between values of the second nodes. The tempera- 
and placed to the first MOS transistor. ^^re selection register is connected to a gate of the second 
In the microcomputer equipped with a built-in tempera- MOS transistor in each of the plurality of MOS inverter 
ture sensor described above, as another preferred circuits. The temperature selection register stores prescribed 
embodiment, the temperature monitor circuit has a tempera- 50 values to be used for controlling ON/OFF operation of each 
ture sensor circuit (which has a diode and a first resistance second MOS transistor. 

connected in series between a first power source voltage and in the microcomputer equipped with a built-in tempera- 

a second power voltage source), an A/D converter for t^re sensor described above, as another preferred 

converting an analogue voltage value at a first node between embodiment, the temperature monitor circuit has a tempera- 
the diode and the first resistance to a digital voltage value, 55 lure sensor circuit, an A/D converter, a temperature monitor 

a temperature monitor register for storing the digital voltage register, a prescribed value register, and a comparator. The 

value output from the A/D converter, a prescribed value temperature sensor circuit has a diode and a first resistance 

register for storing a prescribed value, and a comparator for connected in scries between a first power source voUage and 

comparing the digital voltage value in the temperature a second power voltage source. The A/D converter converts 

monitor register with the prescribed value stored in the ^n analogue voltage value at a node between the diode and 

prescribed value, and for outputting a comparison result as the first resistance to a digital voltage value. The temperature 

a control signal. monitor register stores the digital voltage value output from 

The microcomputer equipped with a built-in temperature the A/D converter. The prescribed value register stores a 

sensor described above, as another preferred embodiment, prescribed value. The comparator compares the digital volt- 
further has a plurality of the temperature monitor circuits, 65 age value in the temperature monitor register and the pre- 

and a NOR circuit for inputting control signals which are scribed value stored in the prescribed value, and outputs a 

output from the plurality of the temperature monitor circuits, comparison result as a control signal. 
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The microcomputer equipped with a built-in temperature further has a plurality of the prescribed value registers for 

sensor described above, as another preferred embodiment, storing a plurality of prescribed values, and a plurality of the 

further has a plurality of the temperature monitor circuits, comparators corresponding to the plurality of prescribed 

and a NOR circuit for inputting control signals which are value registers. In the microcomputer, each of the plurality 

output from the plurality of the temperature monitor circuits, 5 of comparators inputs an output from the temperature moni- 

for performing a NOR operation among the control signals, ^or register and the prescribed value from the corresponding 

and for outputting a result of the NOR operation to the prescribed value register. 

control register in the CPU core. Id the microcomputer, the . , . . ^. r ^ l j- . r 

interrupt circuit outputs an instruction to initiate the interrupt accordance with another preferred embodunent of the 

operation to the CPU core according to a value of the control „ P«^°' invention, a microcomputer equipped with a built-m 

siVoal which is stored in the control register, and for out- " 'emperature seizor has a voltage break circuit, and a wait 

. , ^. , ■ .u^ ^ t« control cncuit. The voltage break circuit has a temperature 

putting an instruction to initiate the counting operation to the . . , - j-i 

f. ^. - 1 sensor circuit mcorporated m a circuit block (havme a diode 

timer circuit simultaneously. , ^ . , • . ^ 

- , . , . n and a first resistance connected in series to a first-power 

In accordance with another preferred embodiment of the 1^ j j 1* \ \ ir\c 

^ ^ J -.L i_ 1. • source voltage and a second power source voltage), a MOS 

present mvention, a microcomputer equipped with a buut-in ^ . f *j» <:*j*t, u 

^ ' , . , • . J transistor whose gate is coimected to a first node through 

temperature sensor has a voltage break arcuit and a power j •* * a a 

^ , . . , . 1 . which the diode and the nrst resistance are connected, and 

source voltage generation circuit. The voltage break circuit . • x/ir^c 

^ ^ • . J - ■ . . 1 1 a second resistance connected in series to the MOS transis- 

has a temperature sensor cncuit placed in a circuit block . t 1* l 1 • j 

. , . , , , J „ .'^ , J . tor. In the voltage break circuit, the second resistance is 

(which has a diode and a first resistance connected in series ^ ♦ ^ tu^ f;«,t w«!t«™^ « a i^nc 

^ ^ w , J connected to the first power source voltage, and the MOS 

to a first power source voltage and a second power source m . • ^ • i j * *l j 1* 

1 \ n x^^o 1- • * J transistor is connected to the second power source voltage, 

voltage), a first MOS transistor whose gate is connected to „ . 1 • 1. • 1 * 1 T 

f J .L X. u- L J- J J c . • . The wait control circuit having a selector. The selector 

a first node through which the diode and the first resistance . * 1 1* • 1 * * c *u 1* l 1 

, J . . J • • . mputs a control voltage signal output from the voltage break 

are connected, and a second resistance connected in series to . ^ 1 * r ^ . 1 1 • 1 c c ^ ^ 

, ^ ^M^^ • 1 .1 1 i_ 1 ■ • circuit, and selects one of a first clock signal of a first cycle 

the first MOS transistor. In the voltage break circuit, the , j iuj 11 

. . , J . c and a second clock signal of a second cycle based on a level 

second resistance is connected to the first power source c.i. ^ 1 1. • i j * . i * j 1 1 

J „ n . ^M^c^ • . . J . .1 ^5 of the control voltage signal, and outputs the selected clock 

voltage, and the first MOS transistor is connected to the , . j . j- * • *• u u u 

^. ' i rm. 1. signal m order to adjust an accessing time by which an 

second power source voltage. The power source voltage ^ 1 j ■ • j *i 

. . , . , 1 . • . J .1 external device is accessed correctly, 
generation circuit in which a selector is mcorporated, the •' 
selector inputs a control voltage signal output from the ^he microcomputer equipped with a bmlt-m tempera- 
voltage break circuit, and selects one of a first voltage and 3. ^^^e sensor described above, as another preferred 
a second voltage based on a level of the control voltage embodiment, a circuit is mcorporated instead of the voltage 
signal, and outputs the voUage. ^^^^ ^^^^^^ ^ temperature sensor circuit 
The microcomputer equipped with a buHt-in temperature ^omprises a diode and a first resistance comiected in series 
sensor described above, as another preferred embodiment, ^^^^^^^ ^ P°^^ ^^^^^ ^^l^^g^ ^ ^^^^^^ P^^^^ 
further has a plurality of the MOS inverter circuits, a 35 ^o t^g^ ^^^^^^ ^^A/D converter for convertmg an analog 
selection switch, and a selection register. Tlie pluraUty of the V"^^^^^ ^^^^ a first node through which the diode and the 
MOS inverter circuits arc placed in paraUel, each MOS Arst resistance to a digital voltage value, a temperature 
inverter circuit has the first MOS transistor and the second f ^^S^^^ digital voltage value output 
resistance, and threshold values of the first MOS transistors ^^^^^ ^ converter, a prescnbed value register for 
in the plurality of MOS inverter circuits are set stepwise. Ihc 40 f ^^^.^ f^^f ^^^^^ ^^1^^' ^ comparator for comparing 
selection switch selects one of the plurahty of MOS inverter the Signal voltage value in the temperature monitor register 
circuits and connects the selected one to the temperature prescribed value stored m the prescribed value 
sensor circuit and the power source voltage generation '^^'^'^'^ for outputtmg a companson result. In the 
circuit. The selection register stores a prescribed value by microcomputer, the selector mcoiporated in the wait control 

which operation of the selection switch is controlled. 45 ^""^u ^1°^^ "^S^,^ ' ^'f 

T , r J L J- . and the second clock Signal of a second bus cycle based on 

In accordance with another preferred embodiment of the . i. r . 

^ ^ . J .... -1. • the companson result from the comparator, 
present mvention, a microcomputer equipped with a buut-io ^ ^ 
temperamre sensor has a temperamre sensor circuit, an A/D *° microcomputer equipped with a built-in tempera- 
converter, a temperature monitor register, a prescribed value t^re sensor described above, as another preferred 
register, a comparator, and a power source voltage genera- 50 embodiment, a first output buffer, a second output buffer, and 
tion circuit. The temperature sensor circuit has a diode and ^ switch are incorporated instead of the wait control circuit, 
a first resistance connected in series between a first power microcomputer, the switch inputs the control voltage 
source voltage and a second power voltage source. The A/D ^^S"^ ^^^P^^ ^0°^ voltage break circuit, and selects one 
converter converts an analogue voltage value at a first node ^^^^ ^he first output buffer and the second output buffer 
through which the diode and the first resistance to a digital 55 ^^^^ * ^^^^^ signal, 
voltage value. The temperature monitor register stores the In the microcomputer equipped with a buiU-in tempera- 
digital voltage value output from the A/D converter. The turc sensor described above, as another preferred 
prescribed value register stores a prescribed value. The embodiment, a first output buffer, a second output buffer, and 
comparator compares the digital voltage value in the tem- a switch arc incorporated instead of the wait control circuit, 
perature monitor register and the prescribed value stored in 60 microcomputer, the switch inputs the comparison 
the prescribed value register, and outputs a comparison result output from the comparator, and selects one of or both 
result. The power source voltage generation circuit has a the first output buffer and the second output buffer based on 
selector The selector selects one of a first voltage and a a level of the comparison result. 

second voltage based on a level of the comparison result. In the microcomputer equipped with a built-in tempera- 

and outputs the selected voltage, 65 ture sensor described above, as another preferred 

The microcomputer equipped with a built-in temperature embodiment, a high temperature mode bit circuit is incor- 

sensor described above, as another preferred embodiment, porated instead of the wait control circuit. The high tem- 
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perature mode bit circuit inputs the control voltage signal 
output from the voltage break circuit, and switches operation 
modes of the microcomputer, a high temperature operation 
mode and a normal operation mode, according to a level of 
the control voltage signal. s 

In the microcomputer equipped with a built-in tempera- 
ture sensor described above, as another preferred 
embodiment, a high temperature mode bit circuit is incor- 
porated instead of the wait control circuit. This high tem- 
perature mode bit circuit inputs the comparison result output 
from the comparator, and switches operation modes of the 
microcomputer, a high temperature operation mode and a 
normal operation mode, according to a level of the com- 
parison result. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features, aspects and advantages 
of the present invention will become more apparent from the 
following detailed description of the present invention when 
taken in conjunction with the accompanying drawings, in 
which: 

FIG. 1 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
according to the first embodiment of the present invention; 25 

FIG. 2 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the first embodiment of the present 
invention; 

FIG. 3 is a block diagram showing another configuration •'^ 
of the microcomputer equipped with the built-in temperature 
sensor according to the first embodiment of the present 
invention; 

FIG. 4 is a diagram showing the operational principle of 
the microcomputer equipped with the built-in temperature 
sensor according to the present invention; 

FIG. 5 is a diagram showing the operational principle of 
the microcomputer equipped with the built-in temperature 
sensor according to the present invention; 

FIG. 6 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
according to the second embodiment of the present inven- 
tion; 

FIG. 7 is a block diagram showing another configuration 45 
of the microcomputer equipped with the built-in temperature 
sensor according to the second embodiment of the present 
invention; 

FIG. 8 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
according to the third embodiment of the present invention; 

FIG. 9 is a block diagram showing the principle of the 
operation of a voltage break circuit incorporated in the 
microcomputer according to the present invention; 

FIG. 10 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the third embodiment of the present 
invention; 

FIG. 11 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the third embodiment of the present 
invention; 

FIG. 12 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 65 
sensor according to the third embodiment of the present 
invention; 
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FIG. 13 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
according to the fourth embodiment of the present invention; 

FIG. 14 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the fourth embodiment of the present 
invention; 

FIG. 15 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the fourth embodiment of the present 
invention; 

FIG, 16 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the fourth embodiment of the present 
invention; 

FIG. 17 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the fourth embodiment of the present 
invention; 

FIG. 18 is a block diagram showing a configuration of a 
temperature monitor circuit incorporated in a microcom- 
puter according to the fifth embodiment of the present 
invention; 

FIG. 19 is a block diagram showing another configuration 
of the temperature monitor circuit incorporated in the micro- 
computer according to the fifth embodiment of the present 
invention; 

FIG. 20 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
according to the fifth embodiment of the present invention; 

FIG. 21 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the fifth embodiment of the present 
invention; 

FIG. 22 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the fifth embodiment of the present 
invention;. 

FIG. 23 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the fifth embodiment of the present 
invention; 

FIG. 24 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the fifth embodiment of the present 
invention; 

FIG. 25 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the fifth embodiment of the present 
invention; 

FIG. 26 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the fifth embodiment of the present 
invention; 

FIG. 27 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
according to the sixth embodiment of the present invention; 

FIG. 28 is a block diagram showing another configuration 
of the microcomputer equipped with the buUt-in temperature 
sensor according to the sixth embodiment of the present 
invention; 

FIG. 29 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor according to the sixth embodiment of the present 
invention; 
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FIG. 30 is a block diagram showing another configuration according to the first embodiment of the present invention. 
of the microcomputer equipped with the built-in temperature In FIG. 1, the reference number 1 designates the microcom- 
sensor according to the sixth embodiment of the present puter mounted on a semiconductor chip in which a tempera- 
invention; ture sensor is incorporated. The reference number 2 denotes 

FIG. 31 is a block diagram showing a configuration of a S each circuit block. The reference number 3 designates a 

microcomputer equipped with a built-in temperature sensor temperature sensor made up of a diode in each circuit block 

according to the seventh embodiment of the present inven- 2. 

tion; The reference ntunbers 4 and 7 denote terminals (as a first 

FIG. 32 is a block diagram showing another configuration terminal group) of the, semiconductor chip connected to the 
of the microcomputer equipped with the biiilt-in temperature ^0 nodes of both the ends of each diode 3. Through the 

sensor according to the seventh embodiment of the present terminals 4 and 7, a constant current If is supplied to the 

invention; diode 3. 

FIG. 33 is a block diagram showing another configuration The reference numbers 5 and 6 denote terminals (as a 

of the microcomputer equipped with the built-in temperature second terminal group) of the semiconductor chip connected 

sensor according to the seventh embodiment of the present to the nodes of both the ends of each diode 3. Through the 

invention; terminals 5 and 6, a voltage of the diode 3 is detected and 

FIG. 34 is a block diagram showing another configuration 

of the microcomputer equipped with the built-in temperature FIG. 1 shows the configuration of the microcomputer 2 

sensor according to the seventh embodiment of the present equipped with the built-in temperature sensor in which the 

invention; diode 3 as the temperature sensor is incorporated in each of 

HG. 35 is a block diagram showing a configuration of a ^« ^""ee circuit blocks 2. However, the present invenUon is 

microcomputer equipped with a built-in temperature sensor hmited by this configuration. It is possible to change the 

according to the eighth embodiment of the present inven- number of the circuit blocks 2. 

tion; 25 2 *s a block diagram showing another configuration 

FIG. 36 is a timing chart showing the operation of the of the microcomputer equipped with the built-in temperature 

microcomputer equipped with the built-in temperature sen- according to the first embodiment of the present 

sor according to the eighth embodiment of the present myention. In FIG. 2, the reference number 21 designates the 

invention* microcomputer equipped with the built-in temperature 

FIG. 37 is a timing chart showing the operation of the 30 ^ ^^'^l' circuit block. 3 indicates a diode as 

microcomputer equipped with the built-in temperature sen- » temperature sensor and 8 to 11 des^nate pads connected 

sor according to the eighth embodiment of the present f ^: ^ ^ 11,"^ 

invention* ^ ^ ^ different m matenal and configuration from the lermmals 4 

J. . . . ^ . to 7 shown in FIG. 1. The pads 8 to 11 are made up of an 

HG. 38 IS a block diagram showing another configuraUon aluminum layer of the uppermost layer in the semiconductor 
ot the miciocomputer equipped with the built-in temperature ^= (-hip. FIG. 2 shows the confieuration in which the tempera- 

sensor according to the eighth embodiment of the present ^^^^ incorporated in each of the three circuit blocks 

invention, 22. The temperature of each circuit block 22 is detected 

FIG. 39 is a block diagram showing a configuration of a through the pads 8 to 11 connected to probes (not shown) by 

microcomputer equipped with a built-in temperature sensor ^n external device (not shown). 

according to the ninth embodiment of the present invenUon; pj^ 3 ^ ^lock diagram showing another configuration 

FIG. 40 is a block diagram showing another configuration of the microcomputer equipped with the built-in temperature 

of the microcomputer equipped with the built-in temperature sensor according to the first embodiment of the present 

sensor according to the ninth embodiment of the present invention. In FIG. 3, the reference number 31 designates the 

mvention; microcomputer equipped with the built-in temperature 

FIG. 41 is a block diagram showing a configuration of a sensor, 32 and 33 denote circuit blocks, 3 and 13 indicate 

microcomputer equipped with a built-in temperature sensor diodes, and 4 to 7 designate terminals of the semiconductor 

according to the tenth embodiment of the present invention; chip connected to the both ends of each of the diodes 3 and 

FIG. 42 is a block diagram showing another configuration 12. The temperature sensor is made up of each of the diodes 
of the microcomputer equipped with the built-in temperature 50 3 and 12. In the microcomputer 31 shown in FIG. 3, both the 

sensor according to the tenth embodiment of the present diodes 3 and 12 are placed m opposite direction. The 

invention; and temperature of each of the circuit blocks 32 and 33 is 

HG. 43 is a block diagram showing another configuration detected through the terminals 4 to 7. 
of the microcomputer equipped with the built-in temperature Next, a description will be given of the operation of the 
sensor according to the tenth embodiment of the present ss microcomputer equipped with the btiilt-in temperature sen- 
invention, sor of the first embodiment. 

OFSPRIPTTOM OF THE PRFPFRRFn . ™- ^ ^ ^^""^J"^ operational principle of 

ul:^t.Klf liursi ut iHti I'Kt.i-bKKbU the microcomputer equipped with the built-in temperature 

EMBODIMENTS ^^^^^^ according to the first embodiment shown in FIGS. 1 
Other features of this invention will become apparent 60 to 3. 

through the following description of preferred embodiments Through the terminals 4 and 7 (or through the pads 8 and 

that are given for illustration of the invention and are not 11 in the case of FIG. 2), a constant current If is supplied to 

intended to be limiting thereof. the diode 3 in forward direction. At this time, the voltage Vf 

generated at the both ends of the diode 3 is detected through 

Fust hmbodiment terminals 5 and 6. In this case, no current If flows 

FIG. 1 is a block diagram showing a configuration of a through the diode 12 because the current If is a backward 

microcomputer equipped with a built-in temperature sensor current in the diode 12. 
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FIG. 5 is a characteristic diagram showing the relation- 
ship between the temperature T and the voltage Vf generated 
at the both ends of the diode shown in FIG. 4 as shown in 
FIG. 5, the voltage Vf is decreased linearly in proportion to 
the increasing of the temperature of the diode. FIG. 5 shows 5 
the case in which the temperature parameter is -2 mV/** C. 
For example, the voltage Vf becomes approximately 650mV 
generated at the both ends of the diode when the constant 
current If is 10 fiA and the room temperature is 25** C. As a 
result, the relationship among the temperature coeflGcient of 
the diode, the constant current If, and the diode voltage Vf 
is determined based on the physical constant of the diode 
and the like. Accordingly, because the relationship is not 
changed by the fluctuation of the condition of the fabrication 
processes, the peripheral temperature at which the diode is 
located can be detected by measuring the voltage Vf at the 
both ends of the diode. That is to say, it is possible to use the 
diode as the temperature sensor. 

In each microcomputer equipped with the built-in tem- 
perature sensor having the configuration shown in FIG. 1, 
FIG. 2, and FIG. 3, the terminals 4 and 7 (or the pads 8 and 20 
11) through which the constant current If is supplied are 
different in position from the terminals 5 and 6 (or the pads 
9 and 10) through which the voltage Vf is detected. The 
reason why is to detect the accurate voltage Vf generated at 
the both ends of the diode. For example, if only the two 25 
terminals in the terminals 4 to 7 (or only the two pads in the 
pads 8 to 11) are used to supply the constant current If and 
to detect the voltage Vf, a voltage drop occurs by the wiring 
resistance from the diode to the two terminals (or the two 
pads). In this case, it is impossible to detect any accurate 3Q 
voltage Vf. 

In the microcomputer 31 equipped with the built-in tem- 
perature sensor 31, both the diodes 3 and 31 are connected 
to the terminals 4 to 7 in parallel, and the polarities of both 
the diodes 3 and 12 are opposite to each other (one is 35 
forward and other is backward). In addition, the diodes 3 and 
12 are incorporated in the different circuit blocks 32 and 33, 
respectively. For example, when the temperature of the 
circuit block 32 is detected, the constant current is supplied 
through the terminal 4 to the terminal 7 so that the constant 40 
current If flows in the diode 3 in the circuit block 32, and 
then the voltage Vf generated at the both ends of the diode 
3 is detected through the terminals 5 and 6 by a tester 
(omitted from FIG. 3) in this case, no constant current If 
flows through the diode 12 because the direction of the 45 
constant current If is in backward. Therefore the constant 
current If flows only through the diode 3 in forward direction 
and there is no effect from the voltage to be generated at the 
both ends of the diode 12 during the measuring of the 
voltage Vf. 5Q 

The configuration of the microcomputer 31 equipped with 
the built-in temperature sensor shown in FIG. 3 can detect 
the temperature of the circuit blocks 32 and 33 in which the 
diodes 3 and 12 are incorporated, respectively, through the 
terminals 4 to 7. Since this configuration has only the four 55 
terminals 4 to 7, it is possible to reduce the terminals to be 
used for measuring the temperature of the circuit blocks. 

As described above, according to the microcomputer 
equipped with the built-in temperature sensor of the first 
embodiment, the diode is incorporated in each circuit block, 60 
and the voltage generated at the both ends of the diode is 
detected through the terminals or the pads. Thereby, even if 
there happens that the temperature of the microcomputer in 
operation is over the temperature that has been predicted in 
a design stage, it is possible to design the microcomputer 65 
under the optimum operational margin and to avoid the 
occurrence of faulty operation and runaway. 
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Furthermore, according to the first embodiment, because 
the temperature of the pair of the circuit blocks is detected 
through the terminals which are commonly used, it is 
possible to reduce the total number of the terminals when 
compared with the case in which the terminals used for 
measuring the temperature are formed for each circuit block. 

Second Embodiment 

FIG. 6 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
according to the second embodiment of the present inven- 
tion. In FIG. 6, the reference number 61 designates the 
microcomputer equipped with the built-in temperature sen- 
sor mounted on a semiconductor chip. The reference number 
2 denotes a plurality of circuit blocks, and 3 indicates a diode 
as a temperature sensor incorporated in each circuit block 2. 
The reference numbers 4 to 7 designate terminals that are 
commonly formed and used for the diodes 3 in the plurality 
of the circuit blocks 2. The reference number 16 designates 
each of selection switches for selecting one of the circuit 
blocks 2, and each switch 16 corresponds to each circuit 
block 2. The reference number 17 indicates a selection 
register in which a value to select one of the switches 16 is 
stored. 

FIG. 7 is a block diagram showing another configuration 
of the microcomputer 61 equipped with the built-in tem- 
perature sensor shown in FIG. 6 according to the second 
embodiment of the present invention. In FIG. 7, the refer- 
ence number 71 designates the microcomputer 61 equipped 
with the temperatm-e sensor, the 32 and 33 denote a pair of 
circuit blocks. In the pair of the circuit blocks 32 and 33, the 
diodes 3 and 12 are incorporated as temperature sensors, 
shown in FIG. 3. The terminals 4 to 7 are commonly used 
for all of the pairs of the circuit blocks, each pair consists of 
the circuit blocks 32 and 33, Other circuit components 
shown in FIG. 7 are the same as the circuit components 
shown in FIG. 6. Accordingly, the same reference numbers 
will be used. 

Next, a description will be given of the operation of the 
microcomputer equipped with the built-in temperature sen- 
sor according to the second embodiment. 

In the configuration of the microcomputer 61 equipped 
with the temperature sensor shown in FIG. 6, the forward 
constant current If is supplied only to the diode 3 in the 
circuit block 2 through the terminals 4 and 7 that are 
commonly used for the plurahty of the circuit blocks 2. This 
circuit block 2 is selected by the corresponding selection 
switch 16 based on the value stored in the selection register 
17, 

The selection register 17 stores the value set by a control 
means (not shown) such as a CPU. One of the switches 16 
is selected based on the value set in the selection register 17, 
The voltage generated at the both ends of the diode 3 in the 
circuit block 2 selected by the corresponding selection 
switch 16 is measured through the terminals 5 and 6. 

On the other hand, the microcomputer 71 equipped with 
the built-in temperature sensor 71 shown in FIG. 7, the 
diodes 3 and 12 are incorporated in each pair of the circuit 
blocks 32 and 33. In this configuration, the constant current 
If is supplied to the diode 3 and the diode 12 through the 
terminals 4 and 7 that are commonly used in order to 
measure the temperature of the circuit blocks 32 and 33. 

As written above, the microcomputer equipped with the 
built-in temperature sensor shown in FIG. 7 comprises a 
plurality of pairs of the circuit block pairs 32 and 33, each 
pair consists of the circuit blocks 32 and 33. The constant 



08/30/2004, EAST Version: 1.4.1 



us 6,674^ 

13 

current If in forward direction is supplied through the 
terminals 4 and 7 that are commonly used for the plurality 
of pairs of the circuit blocks 32 and 33. At the time, one of 
the pairs of the circuit blocks 32 and 33 is selected by the 
corresponding selection switch 16 that is selected according 5 
to the value set in the selection register 17. The selection of 
the diodes 3 and 12 in the selected pair of the circuit blocks 
32 and 33 is executed in the same manner in the microcom- 
puter 31 equipped with the built-in temperature sensor of the 
first embodiment shown in FIG. 3. Accordingly, the detailed lO 
explanation for the selection of the diodes 3 and 12 is 
omitted here. For example, when the constant current If, that 
is a forward current for the diode 3 incorporated in the 
circuit block 32 in a pair, is suppUed through the terminals 
4 and 7, this constant current If becomes a backward current 15 
for the diode 12 in other circuit block 33 in the pair. 
Accordingly, no current flows through the diode 12. 

As described above, according to the microcomputer 
equipped with the built-in temperature sensor of the second 
embodiment, the selection switches 16 can select the diode 20 
incorporated in the circuit block, or the diodes incorporated 
in the pair of the circuit blocks according to the value set in 
the selection register 17. Thereby, even if the temperature of 
the microcomputer in operation rises over the temperature 
predicted in a design stage, it is possible to avoid the 25 
occurrence of faulty operation and runaway of the micro- 
computer. Furthermore, according to the second 
embodiment, because it is so designed that the terminals are 
commonly used,it is possible to reduce the total number of 
the terminals in the semiconductor chip. In addition, it is 30 
possible to design the microcomputer having the optimum 
operational margin. 

Third Embodiment 

FIG. 8 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
according to the third embodiment of the present invention. 
In FIG. 8, the reference number 81 designates the micro- 
computer equipped with the built-in temperature sensor 
mounted on a semiconductor chip. The reference number 20 
denotes a temperature sensor circuit comprising a diode 3 as 
a temperature sensor and a resistance 23 as a first resistance. 
The diode 3 and the resistance 23 are connected in series 
between a power voltage source as a first power voltage 
source VDD and a ground voltage GND as a second power 
voltage source. 

The reference number 28 denotes a resistance as a second 
resistance, 26 indicates a N channel MOS transistor as a first 
MOS transistor connected between the power voltage source 
VDD and the ground voltage GND. ^° 

The gate of the N channel MOS transistor 26 is connected 
to a first node 25 through which the diode 3 is also connected 
to the resistance 23 in the temperature sensor circuit 20. 

The reference ntunber 27 designates a terminal connected 55 
to a second node 24 through which the resistance 28 is also 
connected to the N channel MOS transistor 26. The refer- 
ence number 30 denotes a voltage break circuit comprising 
the temperature sensor circuit 20, the resistance 28, and the 
N channel MOS transistor 26. The resistance 28 and the N 
channel MOS transistor 26 forms a MOS inverter circuit. 

Next, a description will be given of the operation of the 
microcomputer equipped with the built-in temperature sen- 
sor according to the third embodiment. 

FIG. 9 is a block diagram showing the principle of the 65 
operation of the voltage break circuit 30 incorporated in the 
microcomputer 81 shown in FIG. 8. FIG. 9 shows the 
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relationship between the voltage (VDD-Vf) at the first node 
25 and the voltage Vt at the second node 24. 

As set forth in the first embodiment, because the voltage 
drop in the diode 3, namely the value of the forward voltage 
of the diode 3 becomes small when a peripheral temperature 
of the diode 3 rises, the voltage at the first node 25 becomes 
large according to the increasing the temperature. 

The threshold value of the N channel MOS transistor 26 
corresponding to the voltage VI of the first node 25 at the 
temperature Tl in which the voltage break circuit 30 works 
is set. The threshold value can be determined by adjusting a 
conductance rale between the N channel MOS transistor and 
the resistance 28. When the voltage (VDD-Vf) is equal to 
the threshold voltage of the N channel MOS transistor 26 
under the increasing of the temperature, namely when the 
voltage V1=VDD-Vf, the N channel MOS transistor 26 
enters ON. Accordingly, the peripheral temperature of the 
diode 3 is over the set temperature Tl, the voltage Vt at the 
second node 24 changes from the H level to the L level. 
Thereby, a control signal of the L level is output to an 
external device (not shown) through the terminal 27. By 
checking the level of the control signal, the external device 
can detect that the peripheral temperature of the area in 
which the diode 3 is incorporated becomes over the prede- 
termined temperature. 

FIG. 10 is a block diagram showing another configuration 
of the microcomputer 81 equipped with the built-in tem- 
perature sensor shown in FIG. 8. The reference number 101 
designates the microcomputer equipped with the built-in 
temperature sensor, and 20 denotes the temperature sensor 
circuit that corresponds to one shown in FIG. 8. The 
reference number 34, 35, and 36 indicate resistances as a 
second resistance, and 37, 38, and 39 indicate N channel 
MOS transistors. The reference number 40 designates the 
voltage break circuit in which the temperature sensor circuit 
20 is incorporated. 

In the voltage drop circuit 40 shown in FIG. 10, both the 
resistance 34 and the N channel MOS transistor 37 are 
connected in series between the power voltage source VDD 
and the groimd voltage GND. Similarly, both the resistance 
35 and the N channel MOS transistor 38 are connected in 
series between the power voltage source VDD and the 
ground voltage GND. Both the resistance 36 and the N 
channel MOS transistor 39 are connected in series between 
the power voltage source VDD and the ground voltage 
GND. In addition, the gate of each of the N channel MOS 
transistors 37, 38, and 39 is connected to the first node 25. 

The reference number 29 designates a register in which a 
value corresponding to the voltage at the connection node of 
the resistance 34 and the N channel MOS transistor 37 is 
stored. Similarly, a value corresponding to the voltage at the 
connection node of the resistance 35 and the N channel MOS 
transistor 38 is stored in the register 29. A value correspond- 
ing to the voltage at the connection node of the resistance 36 
and the N channel MOS transistor 39 is stored in the register 
29. 

In the third embodiment, the threshold values of the N 
channel MOS transistors 37, 38, and 39 are set stepwise. 
That is to say, the temperatures at which the N channel MOS 
transistors 37, 38, and 39 become ON can be set in stages by 
setting stepwise the ratio of the resistance and the conduc- 
tance of the N channel MOS transistor This configuration 
can detect stepwise the peripheral temperature of the diode 
3 (which is omitted from FIG. 10. See FIG. 9) incorporated 
in the temperature sensor circuit 20. 

For example, the temperature at the peripheral area of the 
diode 3 can be monitored by reading the value stored in the 
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register 29 by a control means such as a CPU (omitted from according to the fourth embodiment of the present invention. 

FIG. 10) reads. In FIG. 13, the reference number 131 designates the micro- 

FIG. 11 is a block diagram showing another configuration computer equipped with the built-in temperature sensor 

of the microcomputer 101 equipped with the built-in tem- mounted on a semiconductor chip. The reference number 48 

perature sensor shown in FIG. 10. In FIG. 11, the reference 5 designates an analogue to digital converter (A/D converter) 

number 111 designates the microcomputer equipped with the for converting an analogue voltage signal output from the 

built-in temperature sensor, and 41, 42, and 43 denote temperature sensor circuit 20 to a digital voltage signal. The 

terminals. In the configuration shown in FIG. 11, the plu- reference number 49 indicates a register incorporated in the 

raiity of wiring through which the voltage break circuit 40 ^ converter 48. The microcomputer 131 equipped with 

is connected are connected to the terminals 41, 42, and 43 temperaUire sensor comprises the temperature 

instead of the register 29 shown m FIG. 10, Accordingly, an ^^^^^ in the voltage break circuit 30 and the A/D 

external device (not shown) can monitor stepwise whether converter 48. 

or not the temperature of the peripheral area of the diode 3 . j ■ n u ■ * *u *• r 

... . *^ - u J 1 Next, a descnpUon will be given of the operation of the 

IS withm each of prescribed values. . .fit j u n • * 

. . , . . • 11 microcomputer 131 equipped with the built-m temperature 

FJG. 12 IS a block digram showing another «)nfiguraU0D ^^^^ according to the fourth embodiment, 

of the microcomputer 101 equipped with the built-io tem- _ . , . , , , ^ . 

perature sensor shown in FIG. 10. In FIG. 12, the reference "i""^"' \f^&^ ^'^'^^ ^' ""'P"'^""" ^"^f!'^^'.^ 

number 212 designates the microcomputer equipped with sensor circuit 20 is output to the A/D converter 48. Tliis 

the built-in temperature sensor, and 122 denotes the voltage control voltage signal Vi is converted to a digital voltage 

break circuit in which the temperature sensor circuit 20 is ^'^^'^ ''^ the A/D converter 48 and the converted digita 

incorporated voltage signal is then stored into the register 49. A control 

Tlie reference numbers 44 and 45 denote selection means such as a CPU (not shown) can monitor th^ 

switches located in the voltage break circuit 122. The circuit '"'^ °^ ^^'f^u^^ "l^ '^f^ ^ '° 'TP*^".'"/* 

components other than the selection switches 44 and 4S in ^^"^^ ^""""'^ ^0 by reading the value stored m the register 

the voltage break circuit 122 are the same as the circuit 2S 

components shown in FIG. 10. Accordingly, the same ref- 1"* ^ » block diagram showing another configuration 

erence numbers wiU be used. °f "i" microcomputer equipped with the built-in temperature 

Ihe reference number 46 indicates a selection register f "^'J ^""^ ^ F^^- I" F'G' the reference number 

corresponding in function to the selection register 17 shown }*\ designates the microcomputer 141 equipped with the 

in FIG. 6. The reference number 47 designates a terminal. 30 'emperajure sensor, 52indicates a clock generation 

The voltage output from the temperature sensor circuit 20 is ^'^ ^3 denotes an AND circuit mcorporated m the 

transferred to the gate of the N channel MOS transistor generation circuit 52. The reference number 30 des- 

selected by the corresponding selection switch 44 through 'gn'^'^ ^ '''l^ circuit which corresponds to the 

the first node 25. Similar to the configuration shown in HG. ^°"*g* break circuit 30 shown m FIG. 8. The AND circuit 

10, the threshold values of the N channel MOS transistors 35 "^P^ T ^'^^"^l "P*' ^\ 

37, 38, and 39 are set stepwise. ^f"™ ^'^"^ ^'2°^^ 

As written above, based on the value set in the selection ' . . „ , . . ,^ 

register 46, the first node 25 is comiected to one of the N D»™g the operauon of the microcomputer 141 to which 

channel MOS transistors 37, 38. and 39 through the corre- l^e clock signal CLK is provided, when the temperature of 

spending selection switche 44. The voltage at the node 40 the semiconductor chip on which the microcomputer 141 is 

between the N chamiel MOS transistor and the correspond- """"""d predetermined temperature, as has 

ing resister thereof is transferred to the terminal 47 through explained m the case shown in FIG. 8, the level of the 

the corresponding selection switch 45 which is selected signal Vt becomes the L level. Accordingly, 

based on the value in the selection register 46. ">e clock signal CLK output from the AND circuit 53 

The external device (not shown) can thereby monitor « becomes L leveL Hie operat on of the microcomputer is 

whether or not the temperature at the peripheral area of the mterrjipted according to a halt of the supply of the clock 

diode 3 incorporated in the temperature sensor circuit 20 signa . 

becomes over the predetermined value. ^^er this, when the temperature of the semiconductor 
As described above, according to the third embodiment, ^^^^P ^^"^ ^^^f predetermined temperature, the level of 
the voltage break circuit having the temperature sensor 50 the control voltage signal W output from the N^lta^ 
circuit and the pluraHty of the inverter circuits, the threshold ^''^""'^ ^ f^^^"^^^ ^^J^ ^^^^1' T^'^. 
values of which are different to each other. It is thereby ^^^^ ^'^^^^ contmuously. Thereby, it is 
possible to monitor the temperature of the semiconductor P°^^^*^^^ to prevent the occurrence of faulty operation or 
chip stepwise. In addition, one of the inverter circuits having "^'^^^^y microcomputer 141, because the supply of 
different threshold values can be selected based on the value 55 the clock signal CLX can be mterrupted even if the tern- 
set in the selecUon register. Accordingly, it is possible to set P^^^»^^^ semiconductor chip is mcreased over the 
a range of acceptable temperature of the semiconductor chip prcdetermmed temperature, 

for desired applications. Further, even if the temperature of F^G. 15 is a block diagram showmg another configuration 
the semiconductor chip becomes over an acceptable of microcomputer 141 equipped with the built-in tern- 
temperature, it is possible to design the microcomputer of ^0 perature sensor shown in FIG. 14, In the configuration 
the opUmum operational-margin, capable of preventing the shown in FIG. 15, the voltage break circuit 30 shown in FIG. 
occurrence of faulty operation and runaway of the micro- 14 is replaced with the temperature sensor circuit 20 having 
computer. configuration shown in FIG. 12. In FIG. 15, the reference 

number 151 designates the microcomputer equipped with 

Fourth Embodiment built-in temperaUire sensor In FIG. 15, the selection 

FIG. 13 is a block diagram showing a configuration of a register 46 corresponds to the selection register shown in 

microcomputer equipped with a built-in temperature sensor FIG. 12, the clock generation circuit 52 corresponds to the 
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cbck generation circuit shown in FIG. 14. By forming the 
microcomputer 151 equipped with the built-in temperature 
sensor based on the configuration shown in FIG. 15, it is 
possible to set the temperature stepwise at which the voltage 
break circuit 122 operates. Thus, the stepwise-sei values 
corresponding to the set temperatures are stored in the 
selection register 46 similar to the microcomputer equipped 
with the built-in tcmpcratiu-c sensor shown in FIG. 14. It is 
therefore possible to set a range of acceptable temperature of 
the semiconductor chip for desired applications, and it is 
possible to prevent the occurrence of faulty operation and 
runaway of the microcomputer 151. 

FIG. 16 is a block diagram showing another configuration 
of the microcomputer 131 equipped with the built-in tem- 
perature sensor shown in FIG. 13. In FIG. 16, the reference 
number 161 designates the microcomputer equipped with 
the built-in temperature sensor. The reference number 55 
designates a register for storing a prescribed value, to which 
a control means such as a CPU (not shown) writes a 
specified value. The reference number 54 denotes a com- 
parator for comparing the output from the A/D converter 48 
and the value set in the register 55 for the prescribed value, 
and then outputting a comparison result to the clock signal 
generation circuit 52. Since the configuration of each of the 
temperature sensor circuit 20, the A/D converter 48, and the 
clock generation circuit 52 is the same as that of the cases 
shown in FIG. 13 and FIG. 14, the explanation for the same 
circuit components is omitted here and the same reference 
numbers will be used. 

The comparator 54 compares the prescribed value stored 
in the register 55 with the output from the A/D converter 48. 
When the output from the A/D converter 48 is smaller than 
the prescribed value in the register 55, the comparator 54 
outputs a signal of the H level as a comparison result, and 
when not, the comparator 54 outputs a signal of the L level 
as a comparison result. 

Since the operation of the clock generation circuit 52 is 
the same as that of the case in the microcomputer 141 
equipped with the built-in temperature sensor shown in FIG. 
14, the explanation of the operation of the clock generation 
circuit 52 is omitted here. 

As written above, when the temperature of the semicon- 
ductor chip is over the prescribed value during the operation 
of the microcomputer based on the clock signal CLK, the 
comparator 54 outputs the signal of the L level. In this case, 
the clock generation circuit 52 halts to supply the clock 
signal CLK, and the operation of the microcomputer thereby 
stops. 

After this, when the temperature of the semiconductor 
chip is decreased under the prescribed value, because the 
comparator 54 outputs the signal of the H level, the clock 
generation circuit 52 generates again and outputs the clock 
signal CLK continuously to the microcomputer 161. 
Accordingly, the microcomputer 161 restarts the normal 
operation. Thus, even if the temperature of the semiconduc- 
tor chip rises over the prescribed value, it is possible to 
prevent the occurrence of faulty operation and runaway of 
the microcomputer 161. 

FIG. 17 is a block diagram showing another configuration 
of the microcomputer equipped with the built-in temperature 
sensor 161 shown in FIG. 16. In FIG. 17, the reference 
number 171 designates the microcomputer equipped with 
the built-in temperature sensor, the reference number 56 
denotes an AND circuit for performing a logical product 
(AND operation) between outputs from a plurality of com- 
parators 54, The output from the AND circuit 56 is provided 
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to the clock generation circuit 52. The configuration and the 
operation of the clock generation circuit 52 is the same as 
that of the clock generation circuit shown in FIG. 14. 
Thus, in the configuration shown in FIG. 17, a plurality of 

s circuit blocks, each incorporating the temperature sensor 
circuit 20. (the configuration of each circuit block is shown 
in FIG. 1^, are arranged in parallel. That is to say, the 
temperature sensor circuit 20 is incorporated in each circuit 
block. When the temperature of the peripheral area of one of 

JO the pliu-ality of the circuit blocks becomes over the pre- 
scribed value, the clock generation circuit 52 can halt to 
supply the clock signal CLK because the AND circuit 
outputs the signal of the L level. 

In a case that an OR circuit is incorporated instead of the 

15 AND circuit, the clock generation circuit 52 can halts to 
supply the clock signal CLK only when the temperatures of 
all of the circuit blocks are over the prescribed value. It is 
therefore possible to incorporate one of the AND circuit and 
OR circuit according to desired applications. 

20 As described above, according to the fourth embodiment, 
the generation and the supply of the clock signal CLK in the 
clock generation circuit is controlled based on the value of 
the analogue voltage transferred firom the temperature sensor 
circuit or the voltage break circuit. In addition, the genera - 

25 tion and the supply of the clock signal CLK in the clock 
generation circuit is controlled based on the comparison 
result obtained by comparing the digital voltage value which 
is converted from the analogue voltage value by the A/D 
converter with the prescribed value stored in the register. It 

30 is possible to provide the temperature monitor circuit with a 
high degree of precision and with a high degree of flexibility 
in temperature setting, when compared with the configura- 
tion having the inverter circuit. Accordingly, because the 
generation and the supply of the clock signal in the clock 

35 generation circuit can be stopped temporarily while the 
temperature of the semiconductor chip is over the prescribed 
value, it is possible to prevent the occurrence of faulty 
operation and runaway of the microcomputer. 

Fifth Embodiment 

FIG. 18 is a block diagram showing a configuration of a 
temperature monitor circuit to be incorporated in a micro- 
computer according to the fifth embodiment of the present 
invention. In FIG. 18, the reference number 20 designates a 

45 temperature sensor coaesponding to the temperature sensor 
20 shown in FIG. 8. The reference number 57 denotes a 
temperature monitor circuit, 58 indicates a temperature 
selection register, and 59 designates NOR gate. The refer- 
ence numbers 62 and 64 denote N channel MOS transistors 

50 as a first MOS transistor. The MOS transistors 62, 64 have 
different threshold values to each other. The reference num- 
bers 63 and 65 denote N channel MOS transistors as a 
second N channel MOS transistor. The reference numbers 66 
and 67 designate resistances as a second resistance, and 68 

55 and 69 denote MOS inverter circuits. 

The MOS inverter 68 consists of the two N channel MOS 
transistors 62 and 63, and the resister 66. The inverter circuit 
69 consists of the two N channel MOS transistors 64 and 65, 
and the resister 67. A control means such as a CPU (not 

50 shown) writes a value into the temperature selection register 
58 and selects one of the inverter circuit 68 and 69, or both 
the inverter circuits 68 and 69. 

Next, a description will be given of the operation of the 
microcomputer equipped with the btiilt-in temperature sen- 

65 sor. 

Because the N channel MOS transistors 62 and 64 in the 
two inverter circuits 68 and 69 have different threshold 
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values, respectively, one of or both the N channel MOS 
transistors 68 and 69 are ON according to the signal output 
from the temperature sensor 20, and the inverter circuits 68 
and 69 output the signal to the NOR gate 59. 

Because the gates of the N channel MOS transistors 63 
and 65 in the two inverter circuits 68 and 69 are connected 
to the temperature selection register 58, one of or both the 
N channel MOS transistors 63 and 65 are ON or OFF 
according to the prescribed values stored in the temperature 
selection register 58. For example, the prescribed value 
corresponding to the N channel MOS transistor 63 stored in 
the temperature selection register 58 indicates the non- 
selection of the N channel MOS transistor 63, the N channel 
MOS transistor 63 enters a OFF state, and the inverter circuit 
68 outputs the output signal of the H level to the NOR gate 
59. 

On the contrary, the prescribed value corresponding to the 
N channel MOS transistor 63 stored in the temperature 
selection register 58 indicates the selection of the N channel 
MOS transistor 63. The N channel MOS transistor 63 enters 
a ON state, and the inverter circuit 68 outputs the output 
signal of the L level to the NOR gate 59. The NOR gate 59 
performs the NOR operation and outputs the arithmetic 
result as a stop signal to an external device (not shown) that 
is located at outside of the temperature monitor circuit 57. 
Thus, because the temperature monitor circuit 57 has the 
configuration described above, it is thereby possible to 
monitor the temperature of a circuit block in which the 
temperature sensor circuit 20 is incorporated according to 
applications. 

FIG. 19 is a block diagram showing another configuration 
of the temperature monitor circuit 57 shown in FIG. 18. In 
FIG. 72, the reference number 72 designates a temperature 
monitor circuit, 73 indicates a temperattire monitor register 
in which the output value from the A/D converter 48 is 
stored. Other circuit components are the same as those in the 
configuration shown in FIG. 16. Accordingly, the explana- 
tion of them is omitted and the same reference numbers will 
be used. 

In the configuration shown in FIG. 19, the A/D converter 
48 converts an analogue voltage value which is proportional 
to a temperature detected by and output from the tempera- 
ture sensor circuit 20 to a digital voltage value, and then 
transfers it to the temperature motiitor register 73. The 
temperature monitor register 73 stores the digital voltage 
value. The comparator 54 compares the digital voltage value- 
stored in the temperature monitor register 74 with the 
prescribed value stored in the register 55, and outputs a 
comparison resuU as the stop signal (namely, a control 
signal) to the external device (not shown). 

Thus, because the analogue voltage value which is pro- 
portional to the temperature detected by and output firom the 
temperature sensor circuit 20 is converted to the digital 
voltage value, and the digital voltage value is then compared 
with the prescribed value stored in the register 55, it is 
possible to provide the temperature monitor circuit with a 
high degree of precision and with a high degree of flexibility 
in temperature setting. 

FIG. 20 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
in which the temperature monitor circuit shown in FIG. 18 
or FIG. 19 is incorporated. In FIG. 20, the reference ntmiber 
201 designates the microcomputer equipped with the built-in 
temperature sensor. The reference number 74 indicates a 
CPU core, 75 denotes a peripheral circuit, 76 designates a 
timer circuit, and 77 indicates an interrupt circtiit. The 
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temperature monitor circuit 57 or 72 outputs the stop signal 
to the CPU core 74 and the timer circuit 76 in the peripheral 
circuit 75. 

When receiving the stop signal, the CPU core 74 halts the 
5 generation of the clock signal. While the generation opera- 
tion of the clock signal is halted, the timer circuit 76 in the 
peripheral circuit 75 and the interrupt circuit 77 active in 
operation continuously. When receiving the stop signal from 
the temperature monitor circuit 57 or 72, the timer circuit 76 
10 initiates a cotmting operation. After a predetermined time 
elapses, the timer circuit 76 generates and outputs an inter- 
mpt signal to the interrupt circuit 77. The interrupt circuit 77 
initiates the interrupt operation to the CPU core 74 in order 
to restart the operation of the CPU core 74. 

As described above in detail, when the temperature of the 
semiconductor chip is over the prescribed value, the tem- 
perature monitor circuit 57 or 72 outputs the stop signal to 
the CPU core 74, and the CPU core 74 halts the operation. 
After the predetermined time elapses, the CPU core 74 
'^^ restarts its operation. Accordingly, even if the semiconductor 
chip enters a high temperature state, it is possible to prevent 
the occurrence of faulty operation and runaway of the 
microcomputer. 

FIG. 21 is a block diagram showing another configuration 
of the microcomputer 201 equipped with the built-in tem- 
perature sensor shown in FIG. 20, in which the temperature 
monitor circuit is incorporated in each of the circuit blocks. 
In FIG. 21, the reference number 78 designates a NOR gate 
for executing a NOR operation among the stop signals 
transferred from each of the temperature monitor circuits 57 
(or 72) and outputs the arithmetic result as a control signal 
to both the CPU core 74 and the interrupt circuit 77. Since 
other circuit components are the same as those in the 
configuration shown in FIG. 20, the explanation for the same 
circuit components is omitted here and the same reference 
numbers will be used. 

The NOR gate 78 performs the NOR operation among the 
stop signals transferred firom the temperature monitor cir- 
cuits 57 (or 72). For example, when the temperature of one 
circuit block is over the prescribed value, this monitor circuit 
57 (or 72) generates and outputs the stop signal to the NOR 
gate 78. The clock generation operation in the microcom- 
puter 211 can be thereby halted for a predetermined time 
period. Because the temperature monitor circuit 57 (or 72) 
is incorporated in each of the plurality of circuit blocks, it is 
possible to monitor the temperature at each of a plurality of 
areas in the semiconductor chip. By this configuration, the 
temperature of the semiconductor chip can be detected with 
a high preciously order. 

FIG. 22 is a block diagram showing another configuration 
of the microcomputer 201 shown in FIG. 20. In FIG. 22, the 
reference number 221 designates a semiconductor chip in 
which the microcomputer equipped with the built-in tem- 
55 perature sensor is mounted. The reference number 79 
denotes a CPU core, and 82 denotes a peripheral circuit. The 
peripheral circuit 82 comprises an interrupt circuit 83 and a 
timer circuit 84. The temperature monitor circuit 57 shown 
in FIG. 22 corresponds to the temperature monitor circuit 57 
shown in FIG. 18. 

In the microcomputer 221 equipped with the built-in 
temperature sensor having the configuration shown in FIG. 
22, the temperature monitor circuit 57 directly output a stop 
signal, namely an interrupt signal (as a control signal), to the 
65 interrupt circuit 83, not to the CPU core 79. 

When the temperature of the semiconductor chip is over 
the prescribed value, the temperature monitor circuit 57 
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outputs directly to the interrupt circuit 83 in the peripheral 
circuit 82. The interrupt circuit 83 then outputs the interrupt 
signal to the CPU core 79. When receiving the interrupt 
signal from the interrupt circuit 83, the CPU core 79 halts the 
generation of the clock signal without delay. When the CPU 5 
core 79 halts the generation of the clock signal, the timer 
circuit 84 initiates the counting operation immediately. After 
a predetermined time elapses, the timer circuit 84 outputs a 
control signal to the CPU core 79. When receiving the 
control signal from the timer circuit 84, the CPU core 79 
restarts the generation operation of the clock signal. 

FIG. 23 is a block diagram showing another configuration 
of the microcomputer 221 equipped with the b;iilt-in tem- 
perature sensor shown in FIG. 22. In the configuration 
shown in FIG. 23, the temperature monitor circuit 57 is 
incorporated in each circuit block. 

The NOR gate 78 performs a NOR operation among the 
signals transferred from the temperature monitor circuits 57, 
and then outputs the arithmetic result as an interrupt signal 
to the interrupt circuit 83. The operation of the microcom- 
puter 241 is the same as the operation of the case shown in 
FIG. 22. 

Because the temperature monitor circuit 57 is incorpo- 
rated in each of the plurality of the circuit blocks, it is 
possible to detect the temperatures at a plurality of areas in 25 
the semiconductor chip. Accordingly, even if the number of 
operation frequencies in the circuit blocks becomes high 
and/or there is one or more circuit blocks having a large 
heating amount on the semiconductor chip, it is possible to 
detect the temperature with a high precision. 3Q 

FIG. 24 is a block diagram showing another configuration 
of the microcomputer 221 equipped with the built-in tem- 
perature sensor shown in FIG, 22. In FIG. 24, the reference 
number 241 designates the microcomputer equipped with 
the built-in temperature sensor, and 72 denotes the tempera- 35 
ture monitor circuit that has been shown in FIG. 19. The 
reference number 85 indicates a CPU core. The CPU core 85 
has a control register 86. The reference number 86 desig- 
nates a peripheral circuit in which a timer circuit 88 and an 
interrupt circuit 89 are incorporated. 40 

In the configuration of the microcomputer 241 equipped 
with the built-in temperature sensor, the temperature moni- 
tor circuit 72 outputs the signal as a flag set signal, namely 
a control signal, to the CPU core 85 in order to set a flag in 
the control register 86 in the CPU core 85. For example, 45 
when the temperature of the semiconductor chip rises over 
a prescribed value, the monitor circuit 72 generates and 
outputs the flag set signal to the CPU core 85. When 
receiving the flag set signal, the flag in the control register 
86 is set to a desired value. Accordingly, a CPU (not shown) 50 
in the CPU core 85 executes a program to read the value of 
the flag in the control register 86. Thereby, when the value 
of the flag is equal to a predetermined value, the interrupt 
circuit 89 outputs an interrupt signal to the CPU (not 
shown). The CPU core 85 halts the generation operation of 55 
the clock signal. The timer circuit 88 initiates the counting 
operation simultaneously. After a prescribed time elapses, 
the timer circuit 88 outputs the control signal to the CPU 
core 85 in order to restart the generation operation of the 
clock signal. When receiving the control signal from the 60 
timer circuit 88, the CPU core 85 restarts the generation 
operation of the clock signal. When the temperature of the 
semiconductor chip drops under the prescribed value, the 
value of the flag is reset based on the flag set signal 
transferred from the temperature monitor circuit 72. es 

In the microcomputer 241 equipped with the built-in 
temperature sensor shown in FIG. 24, the value of the flag 
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in the control register 86 is updated according to the flag set 
signal transferred from the temperature monitor circuit 72, 
and the program monitors the value of the flag in the control 
register 86 at every time. It is therefore possible to monitor 
the temperature of the semiconductor chip. 

FIG. 25 is a block diagram showing another configuration 
of the microcomputer 241 equipped with the built-in tem- 
peratiu-e sensor shown in FIG. 24. In FIG. 25, the reference 
number 251 designates the microcomputer equipped with 
the buflt-in temperature sensor, and 90 denotes a NOR gate 
for executing a NOR operation among the flag set signals (as 
control signals) transferred from the temperature monitor 
circuits 72. Each temperature monitor circuit 72 is incorpo- 
rated in each circuit block. The NOR gate 90 then outputs 
the arithmetic result to the CPU core 85. Other circuit 
components in the microcomputer 241 are the same as those 
in the microcomputer 241 shown in FIG, 24, the explanation 
for the same circuit components is omitted here, and the 
same reference numbers will be used. 

In the microcomputer 251 having the configuration shown 
in FIG, 25, the temperature monitor circuit 72 is incorpo- 
rated in each of the plurality of circuit blocks. In particularly, 
it is possible to detect the temperature of the circuit block 
having a large operation frequencies with a high precision, 

FIG. 26 is a block diagram showing another configuration 
of the microcomputer 231 shown in FIG. 23. In FIG. 26, the 
reference number 261 designates the microcomputer 
equipped with the built-in temperature sensor, and 85 
denotes a CPU core in which a control register 86 is 
incorporated. The reference number 92 designates a NOR 
gate for inputting the flag set signals output from a plurality 
of temperature monitor circuits 72, and executes a NOR 
operation, and then outputting an arithmetic result as a flag 
set signal to the CPU core 85. Other circuit components in 
the microcomputer 261 are the same as those in the micro- 
computer 231 shown in FIG. 23, the explanation for the 
same circuit components is omitted here, and the same 
reference numbers will be used. 

In the configuration of the microcomputer shown in FIG. 
26, the value of the flag stored in the control register .86 is 
set based on the flag set signal output from the NOR gate 92. 
The interrupt circuit 83 initiates an interrupt operation 
according to the value of the flag in the control register 86, 
and the timer circuit 84 also initiates the counting operation 
simultaneously. The interrupt circuit 83 transfers to the CPU 
core 85 the instruction to halt the generation operation of the 
clock signal for a predetermined time period. The timer 
circuit 84 initiates the counting operation immediately. After 
the predetermined time elapses, the timer circuit 84 transfers 
to the CPU core 85 the instruction to restart the generation 
operation of the clock signal. Thereby, the CPU core 85 
restarts the generation operation of the clock signal. 

For example, the temperature of one of the pluraHty of 
circuit blocks is over the prescribed value, the temperature 
monitor circuit 72 incorporated in this circuit block outputs 
the flag set signal to the NOR gate 92. The NOR gate then 
outputs the flag set signal to the control register 86. By 
setting the value of the flag in the control register based on 
the flag set signal, it is possible to indicate to initiate the 
interrupt operation and the coimting operation to the inter- 
mpt circuit 83 and the timer circuit 84, respectively. 

In the microcomputer 261 having the configuration shown 
in FIG. 26, the temperature monitor circuit 72 is incorpo- 
rated in each of the pluraUty of circuit blocks. In particularly, 
it is possible to detect the temperature of the circuit block in 
which many operation frequencies occur with a high preci- 
sion. 
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As described above, according to the fifth embodiment, 
the interrupt circuit performs the interrupt operation based 
on the stop signal or the interrupt signal output from the 
temperature monitor circuit. Thereby, the CPU core halts the 
generation of the clock signal, temporarily, and the CPU 5 
core restarts the generation operation of the clock signal 
when the count value of the timer circuit is reached to the 
predetermined value. Accordingly, even if the temperature 
of the semiconductor chip rises over the prescribed value, it 
is possible to prevent the occurrence of faulty operation or lO 
runaway of the microcomputer. 

Sixth Embodiment 

FIG. 27 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 15 
according to the sixth embodiment of the present invention. 
Id fig. 27, the reference number 271 designates the micro- 
computer equipped with the built-in temperature sensor. The 
reference number 30 denotes a voltage break circuit which 
corresponds to the voltage break circuit 30 shown in FIG. 8, 20 
for example. 

The reference number 93 designates a clock generation 
circuit, 94 indicates a selector incorporated in the clock 
generation circuit 93. The selector 94 inputs a control 
voltage signal Vt and a plurality of operational clocks ^2 and 
ct»4 whose frequencies are different to each other, and then 
selects one of the operational clocks according to the control 
voltage signal Vi, and finally outputs the clock signal CLK 
having the selected operational frequency 

Next, a description will be given of the operation of the 
microcomputer according to the sixth embodiment. 

For example, when the temperature of the semiconductor 
chip rises over a prescribed value, the voltage break circuit 
30 outputs the control voltage signal of the L level. When 
receiving the control voltage signal Vt of the L level, the 
selector 94 in the clock generation circuit 93 switches the 
frequency of the operational clock from the frequency ^1 to 
the frequency <t)4. The selectors then outputs the clock signal 
CLK of the frequency (()4 whose frequency is lower than the 
frequency <t>2. 

After this, when the temperature of the semiconductor 
chip drops under the prescribed value, the voltage break 
circuit 30 outputs the control voltage signal Vt of the L level 
again, and the clock generation circuit 93 outputs the clock 
signal CLK having the higher frequency (t>2. 

In the microcomputer 271 shown in FIG. 27, because the 
clock generation circuit 93 switches the frequency of the 
clock signal CLK based on the control voltage signal Vt 
output from the voltage break circuit 30, it is possible to 50 
prevent the occurrence of faulty operation or runaway of the 
microcomputer 271. 

FIG. 28 is a block diagram showing another configuration 
of the microcomputer 271 equipped with the built-in tem- 
perature sensor shown in FIG. 27. In FIG, 28, the reference ss 
number 122 designates a voltage break circuit, and 46 
denotes a selection register. The configuration and the opera- 
tion of the voltage break circuit 122 and the selection circuit 
46 is the same as those in the configuration shown in F^G. 
12. The reference number 93 designates a clock generation 60 
circuit whose configuration and the operation are the same 
as those in the configuration shown in FIG. 27. The refer- 
ence number 281 designates the microcomputer equipped 
with the built-in temperature sensor. 

Thus, even if the microcomputer has the configuration of 65 
the voltage break circuit 122 and the configuration of the 
selection register 46 shown in FIG. 12, the clock generation 
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circuit 93 can switch the frequency of the clock signal CLK 
based on the control voltage signal Vt output from the 
voltage break circuit 122. It is thereby possible to prevent 
the occurrence of faulty operation or runaway of the micro- 
computer 271. 

FIG. 29 is a block diagram showing another configuration 
of the microcomputer 271 equipped with the built-in tem- 
perature sensor shown in FIG. 27. In FIG. 29, the reference 
number 20 designates a temperature sensor circuit, 48 
denotes a A/D converter, 73 indicates a temperature monitor 
register, 55 designates a register for storing a prescribed 
value, and 54 denotes a comparator. The configuration and 
the operation of these circuit components 20, 48, 73, 54, and 
55 are the same as those in the microcomputer shown in FIG. 
19. The reference number 93 designates a clock generation 
circuit whose configuration and operation are the same as 
those in the microcomputer shown in FIG. 27. The reference 
number 291 designates the microcomputer equipped with 
the built-in temperature sensor. 

In the microcomputer 291, becaiise the clock generation 
circuit 93 switches the frequency of the clock signal CLK 
based on the stop signal output from the comparator 54, it is 
possible to prevent the occurrence of faulty operation or 
runaway of the microcomputer 271. 

FIG. 30 is a block diagram showing another configuration 
of the microcomputer 291 equipped with the built-in tem- 
perature sensor shown in FIG. 29. In FIG. 30, the reference 
number 20 designates a temperature sensor circuit, 48 
denotes an A/D converter, and 73 indicates a temperature 
monitor register. The configuration and operation of these 
circuit components 20, 48, and 73 are the same as those in 
the microcomputer shown in FIG, 12. The reference num- 
bers 95-1, 95-2, and 95-3 denote registers for prescribed 
values. The reference number 100 designates a clock gen- 
eration circuit. The reference number 102 designates a 
selector for inputting control signals output from the com- 
parators 97, 98, and 99 and a plurality of operational clocks 
having different frequencies ((>2, 4)4, <t>8, and <t)16, and then 
outputting a clock signal CLK having the frequency 
selected. The reference number 301 designates the micro- 
computer equipped with the built-in temperature sensor. 

In the microcomputer 301 equipped with the built-in 
temperature sensor shown in FIG. 30, the registers 95-1, 
95-2, and 95-3 store the prescribed values of different digital 
voltages which correspond to different temperature ranges, 
respectively. For example, the register 95-1 stores the digital 
voltage value "001" corresponding to the temperature range 
of the semiconductor chip of 30° C. to 60* C, the register 
95-2 stores the digital voltage value "Oil" corresponding to 
the temperature range of the semiconductor chip of 60* C. 
to 90** C, and the register 95-3 stores the digital voltage 
value "111" conesponding to the temperature range of the 
semiconductor chip over 90" C. In addition, the temperature 
monitor register 73 stores digital voltage value output from 
the A/D converter 48. The comparators 97, 98, and 99 
compare the values stored in the registers 95-1, 95-2, and 
95-3 with the value stored in the temperature monitor 
register 73, respectively, and then output the comparison 
results to the clock generation circuit 100. The selector 102 
in the clock signal generator 100 selects one of the clock 
frequencies ^2, (|>4, ^H, and <j>16 based on the comparison 
results, and then outputs a clock signal CLK having the 
selected frequency to external devices of the clock genera- 
tion circuit 100 such as a CPU. 

Because the clock generation circuit 100 switches the 
frequency of the clock signal CLK stepwise based on the 
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comparison results output from the comparators 97, 98, and 
99 according to the temperature of the semiconductor chip, 
it is possible to control preciously the operation of the 
microcomputer according to applications. In addition, it is 
thereby possible lo prevent ihe occurrence of faulty opera- 
tion and nmaway of the microcomputer. 

As described above, according to the sixth embodiment, 
the microcomputer has the configuration in which one of the 
frequencies having different frequencies is selected based on 
the comparison results obtained by comparing the control 
signal from the voltage break circuit or the digital voltage 
value from the A/D converter with the prescribed value or a 
plurality of prescribed values. It is thereby possible to 
prevent the occurrence of faulty operation and runaway of 
the microcomputer, even if the temperature of the semicon- 
ductor chip increases over the prescribed value. 

Seventh Embodiment 

FIG. 31 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
according to the seventh embodiment of the present inven- 
tion. In FIG. 31, the reference number 30 designates a 
voltage break circuit which corresponds to the voltage break 
circuit 30 shown in FIG. 8. The reference number 103 
denotes a power source generation circuit in which a selector 
104 is incorporated. The selector 104 in the power source 
generation circuit 103 selects and outputs one of voltages VI 
and V2 based on the level of the control voltage signal Vt 
output from the voltage break circuit 30. The reference 
number 311 indicates the microcomputer equipped with the 
built-in temperature sensor. 

Next, a description will be given of the operation of the 
microcomputer according to the seventh embodiment. 

In general, when the temperature of the semiconductor 
chip on which the microcomputer 311 is mounted rises, the 
driving ability of the microcomputer 311 drops. This causes 
to decrease the operation speed of the microcomputer 311. 

When the temperature of the semiconductor chip is over 
the prescribed value, the voltage break circuit 30 in the 
microcomputer 311 shown in FIG. 31 outputs the voltage 
control signal of the L level lo the power source voltage 
generator 103. Because the operation of the voltage break 
circuit 30 is the same as that of the voltage break circuit 30 
shown in FIG. 8, the explanation of the operation is omitted 
here. 

When receiving the control voltage signal Vt of the L 
level output from the voltage break circuit 30, the selector 
104 selects and outputs the higher power source voltage V2 
(>V1). Thereby, the driving ability in the microcomputer 311 
becomes greater, and it is possible to prevent the occurrence 
of faulty operation and runaway of the microcomputer 311. 

FIG. 32 is a block diagram showing another configuration 
of the microcomputer 311 equipped with the built-in tem- 
perature sensor shown in FIG. 31. In FIG. 32, the reference 
number 122 designates a voltage break circuit , and 46 
denotes a selection register. The configuration and the opera- 
tion of the voltage break circuit 122 and the selection 
register 46 are the same as those shown in FIG. 12. The 
reference number 103 designates a power source voltage 
generation circuit, whose configuration and the operation is 
the same as that shown in FIG. 31. The reference number 
321 designates the microcomputer equipped with the built-in 
temperature sensor. 

Thus, in the configuration where the voltage break circuit 
122 and the selection register 46 shown in FIG. 12 are 
incorporated in the microcomputer 321, the power source 
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voltage generation circuit 103 can switch the power source 
voltage based on the control voltage signal Vt output from 
the voltage break circuit 122. It is therefore possible to 
prevent the occurrence of faulty operation and runaway of 
5 the microcomputer 321. 

FIG. 33 is a block diagram showing another configuration 
of the microcomputer 311 equipped with the built-in tem- 
perature sensor shown in FIG. 31. In FIG. 33, the reference 
number 20 designates a tempcratiu:e sensor circuit, 48 

10 denotes an A/D converter, 73 indicates a temperature moni- 
tor register, 55 designates a register for storing a prescribed 
value, and 54 denotes a comparator. The configuration and 
the operation of the circuit components 20, 48, 73, 54, and 
55 are the same as those shown in HG. 19. The reference 

15 number 103 designates a power source voltage generation 
circuit whose configuration and the operation are the same 
as those shown in FIG. 32. Accordingly, the explanation for 
them is omitted here. 
As shown in FIG. 33, the power source voltage generation 

^ circuit 103 switches and outputs the power source voltage 
based on the comparison result from the comparator 54. For 
example, when the temperature of the semiconductor chip 
rises over a prescribed value, the comparator 54 outputs the 
control signal of the L level to the power source voltage 

^ generation circuit 103. The selector 104 in the power source 
voltage generation circuit 103 selects and outputs a higher 
power source voltage V2 (>V1). Similar to the cases shown 
in FIG. 31 and FIG. 32, it is therefore possible to prevent the 
occurrence of faulty operation and runaway of the micro - 
computer 331, 

FIG. 34 is a block diagram showing another configuration 
of the microcomputer 331 equipped with the built-in tem- 
perature sensor shown in FIG. 33. In FIG. 34, the reference 
number 20 designates a temperature sensor circuit, 48 
denotes an A/D converter, 73 indicates a temperature moni- 
tor register, 95-1, 95-2, and 95-3 denote registers for storing 
prescribed values, and 97, 98, and 99 indicate comparators. 
The reference number 105 designates a power source volt- 
age generation circuit in which a selector 106 is incorpo- 
rated. The selector 106 inputs the control signals from the 
comparators 97, 98, and 99 and the voUages VI, V2, V3, and 
V4, and selects and outputs one of the voltages VI, V2, V3, 
and V4. The reference number 341 designates the micro- 
computer 341 equipped with the built-in temperature sensor. 

In the configuration of the microcomputer 341 equipped 
with the built-in temperature sensor shown in FIG. 34, the 
power source voltage generation circuit 105 is incorporated 
instead of the clock generation circuit 100 in the microcom- 

50 puter 301 equipped with the built-in temperature sensor 
shown in FIG. 30. The operations of the circuit components 
other than the power source voltage generation circuit 105 
are the same as those in the configuration shown in FIG. 30. 
In the microcomputer 341 equipped with the built-in 

55 temperature sensor shown in FIG. 34, the different pre- 
scribed values are stored in the registers 95-1, 95-2, and 
95-3, respectively. For example, the register 95-1 stores the 
digital voltage value "001" corresponding to the temperature 
range of the semiconductor chip of SC* C. to 60** C, the 

60 register 95-2 stores the digital voltage value "Oil" corre- 
sponding to the temperature range of the semiconductor chip 
of 60** C. to 90° C, and the register 95-3 stores the digital 
voltage value "111" corresponding to the temperature range 
of the semiconductor chip over 90** C. The comparators 97, 

65 98, and 99 compare the values stored in the registers 95-1, 
95-2, and 95-3 with the digital voltage value indicating the 
temperature of the semiconductor chip output from the A/D 
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converter 48, and then output the comparison results. The 
selector 105 in the power source voltage generation circuit 
105 selects one of the voltages based on the comparison 
results from the comparators 97, 98, and 99, and outputs the 
selected voltage to various circuits in the microcomputer 5 
341. 

Thus, based on the comparison results from the compara- 
tors 97, 98, and 99, namely, according to the temperature of 
the semiconductor chip, the power source voltage generation 
circuit 105 switches the level of the voltage stepwise. It is 30 
therefore possible to prevent the occurrence of fault opera- 
tion and runaway of the microcomputer 341. 

As described above, according to the seventh 
embodiment, the microcomputer is so formed that one of a 
plurality of voltages of different voltage levels is selected 
based on the comparison results obtained by comparing the 
control voltage signal from the voltage break circuit or the 
digital voltage value from the A/D converter with the 
prescribed values. It is therefore possible to prevent the 
occurrence of faulty operation and runaway of the ^ 
microcomputer, even if the temperature of the semiconduc- 
tor chip rises over the prescribed value. 

Eighth Embodiment 

FIG. 35 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
according to the eighth embodiment of the present inven- 
tion. In FIG. 35, the reference number 30 designates a 
voltage break circuit which corresponds to the voltage break 
circuit 30 shown in FIG. 8, for example. The reference 
number 107 designates a wait control circuit for controlling 
the access speed to an external memory so that the access 
speed becomes low. The wait control circxiit 107 has a 
selector which inputs a control voltage signal Vt from the 
voltage break circuit 30 and clock signals and (^2 having 
different bus cycles, selects one of the cock signals based on 
the control voltage signal Vt, and outputs the selected one as 
a clock signal (ji to an interface l/F the reference number 351 
designates the microcomputer equipped with the built-in 
temperature sensor, 

Next, a description will be given of the operation of the 
microcomputer 351 according to the eighth embodiment. 

FIG. 36 and FIG. 37 are timing charts showing the access 
operation from the microcomputer 351 to the external 
memory (not shown). FIG. 36 and FIG. 37 show the timings 
of address signals AO to A7, address signals and data signals 
A8/D8 to A15/D15, and A16/D0 to A23/D7 that are output 
to an external memory (not shown) through the interface I/F. 

For example, when the temperature of the semiconductor 50 
chip rises over a prescribed value, the temperature sensor 
circuit 20 in the voltage break circuit 30 outputs the control 
voltage signal Vt of the L level. When receiving the control 
voltage signal Vt, the selector 107 in the wait control circuit 
107 selects the clock signal ^2 whose bus cycle is longer 55 
than the bus cycle of the clock signal 4)1, and then outputs 
the address signals and data signals to the interface I/F based 
on the selected clock signal. 

The interface I/F outputs the address signals AO to A7, the 
address signals and data signals A8/D8 to A15/D15, and 60 
A16/D0 to A23/D7 to the external memory (not shown) 
according to the timing of the selected clock signal ^2. 

After this, when the temperature of the semiconductor 
chip drops under the prescribed value, the voltage break 
circuit 30 outputs the control voltage signal Vt of the H 65 
level, and the selector in the wait control circuit 107 selects 
and outputs the clock signal (|>1 of a normal bus cycle. 



Thereby, the interface I/F outputs the address signals AO to 
A7, the address signals and data signals A8/D8 to A15/D15, 
and A16/D0 to A23/D7 to the external memory (not shown) 
according to the timing of the clock signal <t>l. 

As described above, even if the temperature of the semi- 
conductor chip rises over the prescribed value and the 
operation speed of the microcomputer drops, the wait con- 
trol circuit 107 so controls that the bus cycle of the clock 
signal to access the external memory and other devices 
becomes long. It is therefore possible to prevent the occur- 
rence of faulty operation during the access to the external 
memory. 

nG. 38 is a block diagram showing another configuration 
of the microcomputer 351 equipped with the built-in tem- 
perature sensor shown in FIG. 35. In FIG. 38, the reference 
number 20 designates a temperature sensor circuit, 48 
denotes an A/D converter, 73 indicates a temperature moni- 
tor register, 55 designates a register for storing a prescribed 
value, and 54 designates a comparator. The configuration 
and operation of the circuit components 20, 48, 73, 54, and 
55 are the same as those in the configuration shown in FIG. 
19. The explanation for the same circuit components 20, 48, 
73, 54, and 55 is therefore omitted here. The reference 
number 381 designates the microcomputer equipped with 
the built-in temperature sensor. 

The wait control circuit 107 switches the bus cycle of the 
clock signal <^ according to the control signal transferred 
from the comparator 54. For example, when the temperature 
of the semiconductor chip rises over the prescribed value, 
the comparator 54 outputs the control signal of the L level, 
and then the wait control circuit 107 outputs the clock signal 
(|)2 of a longer bus cycle. Thereby, the microcomputer 381 
can access the external memory and other devices (not 
shown) through the interface I/F with suf&cient access time, 
so that it is possible to prevent the occurrence of faulty 
operation and runaway of the microcomputer 381. 

As described above, according to the eighth embodiment, 
the microcomputer is so formed that the wait control circuit 
selects one of the plurality of clock signal having different 
bus cycles according to the comparison result obtained by 
comparing the control voltage signal from the voltage break 
circuit or the digital voltage value from the A/D converter 
with the prescribed value, and the wait control circuit then 
outputs the selected clock signal to the internal devices of 
the microcomputer 391 and external devices such as the 
external memory. It is therefore possible to prevent the 
occurrence of faulty operation and runaway of the 
microcomputer, even if the temperature of the microcom- 
puter rises over the prescribed value. 

Ninth Embodiment 

FIG. 39 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
according to the ninth embodiment of the present invention. 
In FIG. 39, the reference number 30 designates a voltage 
break circuit which corresponds to the voltage break circuit 
30 shown in FIG. 8. The reference numbers 108 and 109 
denote output buffers. The reference number 110 indicates a 
switch for selecting one of the output buffers 108 and 109, 
112 designates an output terminal, and 391 denote the 
microcomputer equipped with the built-in temperature sen- 
sor. 

Next, a description will be given of the operation of the 
microcomputer according to the ninth embodiment. 

For example, when the temperature of the semiconductor 
chip rises over the prescribed value, like the case shown in 
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FIG. 8, the temperature sensor circuit 20 in the voltage break 
circuit 30 operates to output the control voltage signal Vt of 
the L level. When receiving the control voltage signal Vt, the 
switch 110 selects both the output buffers 108 and 109. In 
this situation, when a control means such as a CPU (not s 
shown) outputs the output control signal to the output 
buffers 108 and 109, both the output buffers 108 and ,109 
operate. This means that a driver size, namely a driving 
abUity, becomes large. 

After this, when the temperature of the semiconductor 
chip drops under the prescribed value, the voltage break 
circuit 30 outputs the control voltage signal Vt of the H 
level, and thereby the switch 110 selects one of the output 
buffers 108 and 109, so that the total driving ability of the 
output buffers goes back to the normal driving ability. 15 

As written above, even if the temperature of the semi- 
conductor chip rises over the prescribed value, the switch 
110 operates so that the driving ability of the output buffer 
becomes large according to the level of the control voltage 
signal Vt output from the voltage break circuit 30. It is '^^ 
therefore possible to prevent the occurrence of faulty opera- 
tion and runaway of the microcomputer 391. 

FIG. 40 is a block diagram showing another configuration 
of the microcomputer 391 equipped with the built-in tem- ^ 
perature sensor shown in FIG. 39. In FIG. 20, the reference 
number 20 designates a temperature sensor circuit, 48 
denotes an A/D converter, 73 indicates a temperature moni- 
tor register, 55 designates a register for storing a prescribed 
value, and 54 denotes a comparator. The configuration and 
operation of them are the same as those shown in FIG. 19. 
The reference numbers 108 and 109 designate output 
buffers, 110 denotes a switch, and 112 indicates an output 
terminal. These operations of the circuit components 20, 48, 
73, 54, and 55 are the same as the operation of these circuit 
components shown in FIG. 39. Therefore the explanation for 
them is omitted here. The reference number 401 designates 
the microcomputer 391 equipped with the built-in tempera- 
ture sensor. 

Thus, the switch 110 operates so that the driving ability of 40 
the total output buffers is changed according to the control 
signal output from the comparator 54. Even if the tempera- 
ture of the semiconductor chip rises over the prescribed 
value, it is therefore possible to prevent the occurrence of 
faulty operation and runaway of the microcomputer 401. 45 

As described above, according to the ninth embodiment, 
the switch changes the total driving ability of the output 
buffers according to the control voltage signal from the 
voltage break circuit or the comparison result obtained by 
comparing the digital voltage value from the A/D converter 50 
with the prescribed value. Therefore even if the temperature 
of the semiconductor chip rises over the prescribed value, 
the total driving ability of the output buffers can be 
increased, so that it is possible to prevent the occurrence of 
faulty operation and runaway of the microcomputer. 55 

Tenth Embodiment 

FIG. 41 is a block diagram showing a configuration of a 
microcomputer equipped with a built-in temperature sensor 
according to the tenth embodiment of the present invention. 60 
In FIG. 41, the reference number 30 designates a voltage 
break circuit, which corresponds to the voltage break circuit 
30 shown in FIG. 8. The reference number 411 designates 
the microcomputer equipped with the buDt-in temperatiu-e 
sensor, 114 denotes an inverter, 115 indicates an external 65 
power sotu*ce, ajad 116 denotes a transistor switch. The base 
of the transistor switch 116 is cormected to the inverter 114, 



,623 Bl 

30 

the emitter and the collector of which are connected to the 
e'xternal power source and a power source terminal of the 
microcomputer 431, respectively. 

ETG. 42 is a block diagram showing another configuration 
of the microcomputer 411 equipped with the built-in tem- 
peratiu^e sensor shown in FIG. 41. In FIG. 42, the reference 
number 117 designates a high temperature mode bit circuit, 
30 denotes a voltage break circuit which corresponds to the 
voltage break circuit 30 shown in FIG. 8. The reference 
number 421 designates the microcomputer equipped with 
the built-in temperature sensor. 

Next, a description will be given of the operation of the 
microcomputer according to the tenth embodiment 

When the temperature of the semiconductor chip on 
which the microcomputer equipped with the buUt-in tem- 
perature sensor is moimted rises over a predetermined value, 
similar to the case shown in FIG. 8, the temperature sensor 
20 in the voltage break circuit 30 operates so that the voltage 
break circuit 30 outputs the control voltage signal Vt of the 
L level. The inverter 114 inverts the level of the control 
voltage signal Vt to the H level. When receiving the control 
voltage signal Vt of the H level, the transistor switch 116 
becomes OFF. Accordingly, the supply of the power source 
voltage Vcc is thereby stopped, so that the operation of the 
microcomputer 411 halts. Thus, even if the temperature of 
the semiconductor chip rises over the prescribed value, it is 
possible to protect the semiconductor chip. After this, when 
the temperature of the semiconductor chip drops under the 
prescribed value, the voltage break circuit 30 outputs the 
control voltage signal Vt of the H level. The inverter 114 
inverts the level of the control voltage signal Vt to the L 
level. When receiving the control voltage signal Vt of the L 
level, the transistor switch 116 becomes ON. Accordingly, 
the supply of the power source voltage Vcc to the micro- 
computer 411 is restarted, so that the operation of the 
microcomputer 411 starts again. 

Next, in the configuration of the microcomputer equipped 
with the built-in temperature sensor shown in FIG. 42, when 
the temperature of the semiconductor chip rises over the 
prescribed value, similar to the case shown in FIG. 8, the 
temperature sensor 20 in the voltage break circuit 30 oper- 
ates so that the voltage break circuit 30 outputs the control 
voltage signal Vt of the L level. When receiving the control 
voltage signal Vt, a high temperature mode bit circuit 117 
switches the operation of the microcomputer 421 into a high 
temperature operation mode. In the high tempera mre opera- 
tion mode, the operation frequency of the CPU and the A/D 
converter becomes low, or the power source voltage become 
high, or the switch to the transistors of a high driving ability 
is performed. 

When the temperature of the semiconductor chip drops 
under the prescribed value, the temperature sensor 20 in the 
voltage break circuit 30 operates so that the voltage break 
circuit 30 outputs the control voltage signal Vt of the H 
level. When receiving the control voltage signal Vt, the high 
temperature mode bit circuit 117 switches the operation of 
the microcomputer 421 into a normal operation mode. Thus, 
even if the temperature of the semiconductor chip rises over 
the prescribed value, the high temperature mode bit circuit 
117 can switch the operation mode of the microcomputer to 
the high temperature operation mode, it is thereby possible 
to prevent the occurrence of runaway of the microcomputer 
421 and to protect the semiconductor chip. 

FIG. 43 is a block diagram showing another configuration 
of the microcomputer 421 equipped with the built-in tem- 
perature sensor shown in FIG. 42. In FIG. 43, the reference 
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number 20 designates a temperature sensor circuit, 48 it is not necessary to incorporate terminals to be used for 
denotes an A/D converter, 73 indicates a temperature moni- measuring the temperature of the semiconductor chip, 
tor register, 55 indicates a register for storing a prescribed [q addition, according to the present invention, the micro- 
value, and 54 designates a comparator, whose configuration computer equipped with a built-in temperature sensor has a 
and operation are the same as those shown in FIG. 42. The s configuration in which a voltage break circuit comprising a 
explanation for the same circuit components is therefore temperature sensor circuit and an inverter circuit is 
omitted here. The reference number 431 designates the incorporated, or a plurality of inverter circuit having differ- 
microcomputer equipped with the built-in temperature sen- ent threshold values are incorporated. Accordingly, it is 
sor. possible to detect the temperature of the semiconductor chip 
In the microcomputer 431 equipped with the built-in stepwise. Furthermore, because one of the plural inverter 
temperature sensor shown in FIG. 43, when the temperature circuits having different threshold values is selected accord- 
of the semiconductor chip rises over the prescribed value, ing to a value which is set in the selection register, it is 
the high temperature mode bit circuit 117 switches the possible to set an acceptable temperature range of the 
operation mode of the microcomputer 431 to the high semiconductor chip for applications. Therefore, it is possible 
temperature operation mode according to the comparison to design the microcomputer with an optimum operation 
result from the comparator 54. Similar to the example shown margin that is capable of avoiding the occurrence of faulty 
in FIG. 42, in the high temperature operation mode, the operation and runaway, even if the temperature of the 
operation frequency of the CPU and the A/D converter semiconductor chip becomes out of the acceptable tempera- 
becomes low, or the power source voltage become high , or ture range. 

the switch to the transistors of a high driving ability is ^ Furthermore, according to the present invention, the 

performed. microcomputer equipped with a built-in temperature sensor 

On the other hand, when the temperature of the semicon- has a configuration in which the generation of a clock signal 

ductor chip drops under the prescribed value, the high is controlled by a clock generation circuit based on an 

temperature mode bit circuit 117 switches the operation analogue voltage value which is output from a temperature 

mode of the microcomputer 431 to the normal operation sensor circuit, or a voltage break circuit. The microcomputer 

mode according to the comparison resuU output from the has a configuration in which the generation of a clock signal 

comparator 54. is controlled by the clock generation circuit based on a 

Thus, even if the temperature of the semiconductor chip comparison result, obtained by comparing a digital voltage 

rises over the prescribed value, the high temperature mode value which is converted from the analogue voltage value by 

bit circuit 117 can switch the operation mode of the micro- an A/D converter, with a prescribed value stored in a register, 

computer 431 to the high temperature operation mode, it is It is therefore possible to provide a temperature monitor 

thereby possible to prevent the occurrence of mnaway of the circuit, with a high degree of precision and with a high 

microcomputer 431 and to protect the semiconductor chip. degree of flexibility in temperature setting. Accordingly, it is 

As described above, according to the tenth embodiment, 35 Possible to prevent the occunrence of faulty operation and 

the high temperature mode bit circuit changes the operation runaway of the microcomputer. 

mode of the microcomputer to the high temperature opera- In addition, according to the present invention, the micro- 
tion mode according to the control voltage signal from the computer equipped with a built-in temperature sensor has a 
voltage break circuit or the comparison result obtained by configuration in which an interrupt circuit performs an 
comparing the digital voltage value from the A/D converter 4Q interrupt processing based on an interrupt signal or a flag set 
with the prescribed value. Therefore even if the temperature signal as a control signal output from a temperature monitor 
of the semiconductor chip rises over the prescribed value, it circuit, a CPU core halts to generate a clock signal 
is possible to prevent the occurrence of faulty operation and temporarily, and restarts the generation of the clock signal 
runaway of the microcomputer, and to protect the semicon- when a counting of a timer circuit reaches to a predeter- 
ductor chip. 45 mined value. Thereby, it is possible to prevent the occur- 
As set forth in detail, according to the present invention, rence of faulty operation and runaway of the microcomputer, 
the microcomputer equipped with a built-in temperature even if flie temperature of the semiconductor chip rises over 
sensor has a configuration in which a diode is incorporated ^ predetermined value. 

in each circuit block, and a voltage generated at both ends Furthermore, according to the present invention, the 
of the diode is detected through terminals or pads. The 50 microcomputer equipped with a built-in temperature sensor 
microcomputer has a configuration in which the temperature has a configuration in which one of clock signals of a 
of a pair of circuit blocks can be detected through terminals plurality of frequencies is selected based on a control 
that are commonly used. The microcomputer has a configu- voltage signal or a comparison result obtained by comparing 
ration in which a selection switch selects a diode in one of a digital voltage value from an A/D converter with a 
a plurality of circuit blocks. Accordingly, it is possible to 55 prescribed value, and the selected clock signal is supplied to 
prevent the occurrence of faulty operation and runaway of devices in the microcomputer. Accordingly, it is possible to 
the microcomputer, even if a temperature of the microcom- prevent the occurrence of faulty operation and runaway of 
puter rises over a prescribed value that has been predicted in the microcomputer, even if the temperature of the semicon- 
design. Furthermore, because the terminals are commonly ductor chip rises over a predetermined value, 
used for the plural circuit blocks so that the total number of go In addition, according to the present invention, the micro- 
terminals of the semiconductor chip on which the micro- computer equipped with a built-in temperature sensor has a 
computer is mounted is reduced, it is possible to design the configuration in which: One of different voltages is selected 
microcomputer with an optimum operation margin. based on a control voltage signal or a comparison result 
Moreover, when the microcomputer has a configuration in obtained by comparing a digital voltage value from an A/D 
which pads for supply of a constant current and for read of 65 converter with a prescribed value, and the selected voltage 
a voltage are incorporated, it is possible to further reduce the is supplied to devices in the microcomputer; Await control 
number of the terminals of the semiconductor chip, because circuit selects one of clock signals of different frequencies 
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and outputs the selected clock signal; A switch changes a 
total driving ability of the output buffer, and A high tem- 
perature mode bit circuit changes the operation of the 
microcomputer to a high temperature operation mode. 
Accordingly, it is possible to prevent the occurrence of 5 
faulty operation and runaway of the microcomputer, even if 
the temperature of the semiconductor chip rises over a 
predetermined value. 

While the above provides a full and complete disclosure 
of the preferred embodiments of the present invention, 
various modifications, alternate constructiotis and equiva- 
lents may be employed without departing from the scope of 
the invention. Therefore the above description and Ulustra- 
tion should not be construed as limiting the scope of the 
invention, which is defined by the appended claims. ^5 

What is claimed is: 

1. A microcomputer equipped with a built-in temperature 
sensor, comprising: 

diodes incorporated in a pair of circuit blocks, said diodes 
being placed in opposite polarity connection to each 20 
other; 

a first terminal group connected commonly to said each 
diode, through which a constant current is supplied; 
and 

a second terminal group through which a voltage gener- 25 
ated at each diode is read, and connected commonly to 
and placed at more adjacent nodes to said each diode 
when compared with said first terminal group. 

2. A microcomputer equipped with a built-in temperature 
sensor, comprising: 30 

a diode incorporated in each of a plurality of circuit 
blocks; 

a first terminal group connected commonly to said each of 
said plurality of diodes, through which a constant 
current is supplied; 

a second terminal group through which a voltage gener- 
ated at each of said plurality of diodes is read, and 
connected commonly to and placed at more adjacent 
nodes to said each of said plurality of diodes when 
compared with said first terminal group; 

a selection switch for selecting one of said plurality of 
diodes; and 

a selection register in which a prescribed value to control 
operation of said selection switch is stored. 

3. A microcomputer equipped with a built-in temperature 
sensor, comprising: 

a temperature sensor circuit comprising a diode and a first 
resistance connected in series between a first power 
source voltage and a second power voltage source; 
a MOS inverter circuit comprising: 
a first MOS transistor whose gate is connected to a node 

through which said diode and said first resistance 

being connected; and 
a second resistance connected to said first MOS tran- 55 

sistor in series, 
wherein said second resistance is connected to said first 

power source voltage, and said first MOS transistor 

is connected to said second power source voltage, 

and 

a terminal connected to a second node through which said 
second resistance and said first MOS transistor being 
connected, 

wherein said temperature sensor circuit and said MOS 
inverter circuit forms a voltage break circuit. 65 

4. A microcomputer equipped with a built-in temperature 
sensor according to claim 3, wherein 
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a plurality of said MOS inverter circuits placed in parallel, 
each MOS inverter circuit comprises said first MOS 
transistor and said second resistance, and 

threshold values of said first MOS transistors in said 
plurality of MOS inverter circuits arc set stepwise, said 
gales of said first MOS transistors are commonly 
connected to said first node, and each of said second 
nodes of said plurality of MOS inverter circuits is 
connected to, instead of said terminal, a corresponding 
register in which a value corresponding to a voltage 
potential at each second node. 

5. A microcomputer equipped with a built-in temperature 
sensor according to claim 4, further comprises: 

a selection switch selects one of said plurality of MOS 
inverter circuits in order to connect said selected MOS 
inverter to said temperature sensor circuit and said 
terminal through said first node and said second node; 
and ■ 

a selection register stores a prescribed value by which an 
operation of said selection switch is controlled. 

6. A microcomputer equipped with a built-in temperature 
sensor, comprising: 

a voltage break drctiit comprising: 

a temperature sensor circuit placed in a circuit block 
comprising a diode and a first resistance connected in 
series to a first power source voltage and a second 
power source voltage; 

a first MOS transistor whose gate is connected to a first 
node through which said diode and said first resis- 
tance arc connected; and 

a second resistance connected in series to said first 
MOS transistor, 

wherein said second resistance is connected to said first 
power source voltage, and said first MOS transistor 
is connected to said second power source voltage, 
and 

a power source voltage generation circuit in which a 
selector is incorporated, said selector inputs a control 
voltage signal output from said voltage break circuit, 
and selects one of a first voltage and a second voltage 
based on a level of said control voltage signal, and 
outputs said voltage. 

7. A microcomputer equipped with a built-in temperature 
sensor according to claim 6, further comprises: 

a plurality of said MOS inverter circuits placed in parallel, 
each MOS inverter circuit comprises said first MOS 
transistor and said second resistance, threshold values 
of said first MOS transistors in said plurality of MOS 
inverter circuits are set stepwise; 

a selection switch for selecting one of said plurality of 
MOS inverter circuits, and for connecting said selected 
one to said temperature sensor circuit and said power 
source voltage generation circuit; and 

a selection register for storing a prescribed value by which 
operation of said selection switch is controlled. 

8. A microcomputer equipped with a built-in temperature 
sensor, comprising: 

a temperature sensor circuit comprises a diode and a first 
resistance connected in series between a first power 
source voltage and a second power voltage source; 

an A/D converter for converting an analogue voltage 
value at a first node through which said diode and said 
first resistance to a digital voltage value; 

a temperature monitor register for storing said digital 
voltage value output from said A/D converter; 
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a prescribed value register for storing a prescribed value; 

a comparator for comparing said digital voltage value in 
said temperature monitor register and said prescribed 
value stored in said prescribed value register, and for 
outputting a comparison result; and 5 

a power source voltage generation circuit in which a 
selector is incorporated, said selector for selecting one 
of a first voltage and a second voltage based on a level 
of said comparison result, and for outputting said 
selected voltage. 

9. A microcomputer equipped with a built-in temperature 
sensor according to claim 8, further comprises: 

a plurality of said prescribed value registers for storing a 

plurality of prescribed values; and 
a plurality of said comparators corresponding to said 

plurality of prescribed value registers, 
wherein each of said plurality of comparators inputs an 

output from said temperature monitor register and said 

prescribed value from said corresponding prescribed 20 

value register. 

10. A microcomputer equipped with a built-in temperature 
sensor, comprising: 

a voltage break circuit comprising: 

a temperature sensor circuit incorporated in a circuit ^5 
block comprising a diode and a first resistance con- 
nected in series to a first power source voltage and a 
second power source voltage; 

a MOS transistor whose gate is connected to a first node 
through which said diode and said first resistance are 30 
connected; and 

a second resistance connected in series to said MOS 
transistor, 

wherein said second resistance is connected to said first 
power source voltage, and said MOS transistor is ^5 
cormected to said second power source voltage, and 
a wait control circuit in which a selector is incorporated, 
said selector inputs a control voltage signal output from 
said voltage break circuit, and selects one of a first 
clock signal of a first cycle and a second clock signal ^° 
of a second cycle based on a level of said control 
voltage signal, and outputs said selected clock signal io 
order to adjust an accessing time by which an external 
device is accessed correctly. 
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11. A microcomputer equipped with a built-in temperature 
sensor according to claim 10, wherein a circuit is incorpo- 
rated instead of said voltage break circuit, said circuit 
comprises: 

a temperature sensor circuit comprises a diode and a first 
resistance connected in series between a first power 
source voltage and a second power voltage source; 

an A/D converter for converting an analogue voltage 
value at a first node through which said diode and said 
first resistance to a digital voltage value; 

a temperature monitor register for storing said digital 
voltage value output from said A/D converter; 

a prescribed value register for storing a prescribed value; 
and 

a comparator for comparing said digital voltage value in 
said temperature monitor register and said prescribed 
value stored in said prescribed value register, and for 
outputting a comparison result, 

wherein said selector incorporated in said wait control 
circuit selects one of said first clock signal of a first bus 
cycle and said second clock signal of a second bus 
cycle based on said comparison result from said com- 
parator. 

12. A microcomputer equipped with a built-in temperature 
sensor according to claim 10, wherein a first output buffer, 
a second output buffer, and a switch are incorporated instead 
of said wait control circuit, wherein said switch inputs said 
control voltage signal output from said voltage break circuit, 
and selects one of or both said first output buffer and said 
second output buffer based on a level of said control voltage 
signal. 

13. A microcomputer equipped with a built-in temperature 
sensor according to claim 10, wherein a high temperature 
mode bit circuit is incorporated instead of said wait control 
circuit, said high temperature mode bit circuit inputs said 
control vohage signal output from said voltage break circuit, 
and switches operation modes of said microcomputer, a high 
temperature operation mode and a normal operation mode, 
according to a level of said control voltage signal. 

***** 



08/30/2004, EAST Version: 1.4.1 



